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PREFACE. 


The sulDioiaed Instructioias have Iseen prepared liy 
direction of the Meteorological Oommittco, masmnclv as 
the “ InstmetioM for taMng Meteorological Ohserya- 
tions hy Sir H. James, P.B.S., of which the last edition, 
appeared in 1861, are now entirely out of print. 

It has been endeavonred to embody in the present 
compilation allnsions to the most important pom s w no v 
would come under the notice of a meteorological ohsorv(ir 

at an ordinary station. , 

The tables in the Appendix are those which are mo,, 
important for use in connection with observations ol. 

Pressure, Temperature, and Eainfall, and for the cmi- 

version of data published in Poreign measures to English 

equivalents, and vice versd. 

The tables for reduction of the Barometer to sea-level, 
for the readings of 80 inches and 27 inches rcspccbvcly, 
UaTO berai recaleulated and eitendod, so as to icier to 

elevations as far as 1,600 feet. , < . 

I have to express my sincerest acknowledgments ,o 
many of my friends who have not shunned the trouble 
of reading and minutely criticizing, tbo work, and 
who have, from time to time, suggested important 

improvements. . . 

It cannot he expected but that exception may bo 
taken to some of the statements made and reflations 
proposed ; hut it is hoped that those Instructions may 
have some tendency towards the attainment oi, or, a1, 
least, an approximation to, that uniformity in motlnxls 
of meteorological observation, the absence of whicdi is 
umrersallyfolt and regretted. 

Meteorological OfB.ee, 

May 7, 1875. 


34072. 



APPENDIX. 


Appendix I. 

Explanation of the Tables - - - . 

Barometrical Tables : 

Table I. Temperature Correction - - - - 

3 ) II. Altitude Correction - - ^ - 

,, III. Conversion of Millimetres to English Inches 
» IV. ,, English Inches to Millimetres 

« « Paris Lines to English Inches - 

Thermometrical Tables : 

Table VI. Conversion of Centigrade Degrees to Fahrenheit 
” VII. Fahrenheit ,, Centigrade 

„ VIII. ,, Reaumur Fahrenheit 

Rainfall Tables ; 

Table IX. Conversion of MiUimetres (0-240) to English Inches 
" w English Inches (0-20) to Millimetres 

Appendix II. 

Form for Stations of Second Order - - - . 

Appendix III. 

Circular addressed to Volunteer Observers - - . , 

Appendix IV. 

List of Books of Reference on Meteoroloffv’ - 
Index - - - . 


Page 
- 80 


- 82 

- 84 

- 90 
92 

, 94 


96 

98 

102 


104 

105 


107 


109 

112 

113 



f N T R 0 D U 0 'V \ ON. 


In presenting tliese “ Instructions to tlio public it 
may be well to say a few words by way of introduction, 
on tbe subject of observations in general, and on the 
conditions requisite to constitute a good obsorving 
station. 

The Vienna Congress has recognised throe classes ol 
observing stations : — 

A Station of the Mrst Order is an obsorvatoiy in which, 
without the collection of observations from other stations, 
meteorological observations are conducted on a great 
scale, i.e., either by hourly readings or by the use ol 
self-recording instruments. 

Stations oi tho Second Ordc?' are those where complete 
and regular observations of tlui usual Tueteovologieal 
elements, viz., pressure, tom])orature and hutnidily^ <>1 
the air, wind, cloud, rain, and hydrometi'ors (p. ()i)), 
&c., are conducted, but with less frequency than at tho 
stations above mentioned. 

Stations of the Third Order are those where only s(»ine 
of these elements arc observed. 

It is of course out of tln^ question for a privatci ob- 
server, of ordinary moans, to attinujitto establish a stai ion 
of tho Tirst Order; and inasmuch as the following 1 nstruc- 
tions arc mainly destined for tlu^ iis(^ of observ(‘.rs at 
stations of tho Second and Third Orders, it is not ])uv- 
posed to enter into details on the subject of self-re<*.ording 
instruments, or th(5 other requirements of a lirsi-class 
observatory. 

At the other classes of ' stations the ol)S(‘.rvati<ms are 
taken by the eye, and to these it is wish(‘<l (.o direid 
especial attention. 
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At stations of the Second Order the obseryations are to 
be made at least twice a day at homonymous* hours, for 
which 9 a.m. and 9 p.m. (local time) have been chosen 
by a large majority of the volunteer observers who have 
been consulted within the United Kingdom. Additional 
observations should, however, be taken at other hours, 
when TOnvenient, especially during unsettled weather. 

At stations of the Third Order, observations are made 
with less frequency and less completeness than at those 
01 the Second Order ; but the observations must be taken 
at l^st once daily, and these stations must have properly 
ve^ed mstruments for all the observations which are 
taicen, and the same regularity and punctuality are 
required m observing as in those of the Second Order. 

In fa^, observations taken carelessly or with instru- 
ments which have not been duly verified by comparison 
-with Imown standards are utterly useless, while those 
ta^en only occasionally are scarcely of any value for 
scientific purposes. 

Under the head of each instrument will be found the 
necessary requirements as to its construction, verification, 


obse^ers, the great qualities which are 
ed for are a knowledge of the instruments used, 
accmacy, regularity, and honesty, 

J^pwledge of the instruments— the observer 

management, and should 
know how to apply the respective corrections. 

will the degree of mmuteness to 

be read -mU ie fovmdnotioed 

m Its proper place. 

observations should be made 
punctually at the hours fixed for observation. If from 
any cause an obsepation is taken either too early or too 

W f ’• observations are taken 

honesty_if an observation has been 

nSi S i. should be left blank, and a 

u^e should be added m the “ Kemark ” column stating 


9 and 9, are aeant houns of the same name, e.g., 8 and 8, 
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the reason of the omission. No estimated reading, how- 
ever obtained, shotdd on any account ho inserted. 

The reouirements as to situation foi* a meteorological 
station are that the positions designated lor the tlierino- 
meters and rain gauge shall ho porioctly open on all sides. 
As regards the thermometer screen, there should he iio 
chance of the shadow of trees or hnildings tal hug on it 
for any long period dining the day, or of rellected or 

radiated heat affecting it. , , x j. 

As to the rain gauge, it should ho so iiUiced ns not i.o 
he sheltered from wind or exposed to eddies, oithijr ot 
which conditions will influence the amount ol ram hiiUiig 

into the gauge. xi • 

As regards the ohsorvations ot wind the niattcv is 
much more serious. The anemometer must ol course 
he placed in an open space ; hut if there Iwi '‘(lar, 

&s, e.g., in a park, or if the ground he imdulating, the 
obsoryations of tlic "wiiid 'wiii. 1)g scrioiiHly j.uI(kuiC( 4 
well in direction as in velocity. ^ In such cases money 
spent on a costly anemometer will he, to a great exieut, 
wasted. 

A list of some hooks of reference on Meteorology 
will he found at p. 112. 

As regards meteorological co-oiieratioii in geiuM'ul, tlie 
words of the Report of the Committee ol .l.’hysies and 
Meteorology of the Royal Society, puhlislied in IH tO, 
are as true now as they were US yi^ars ago, wJum lirst 
penned : — 

“ After maturely considering the siihjcc.t, they do not 
“ presume to anticipate that what tluiy may suggesli 
“ will not ho liable to ohjections, lor Ihcnr ohjinit will 
“ ho to inclndo within their compass many excelhnil, 
" series of ohsorvations 'which ari' already in progress, 
" rather than to ])ropose a (hsgree, of th('oi’(^lical p(‘rrt'!e- 
“ tion, the attainment of which tins prescuit stah' (jf the 
“ science may not perluips admit of. Sysiemaii<*. co- 
“ operation is the ossoiitial point to which at present 
“ everything else should he sacri(i(;ed ; and (io-opin-ntion 
“ on almos'fc any plan would most certainly he. followed 
“ hy more honclicial results than any number of indi^- 
“ pendent ohsorvations, however perfotti. tluy might 1)(5 
“ in themselves.” 

« « * « 
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The Committee aie not without hopes that amateurs 
f science may be induced to conform to these sug- 
gestions, even at the temporary sacrifice of their o'tra 
^ews and convemence ; for no one can reflect on the 
immense amount of labour which is now rendered 

uniformity and pre- 
SS convinced of the necessity for 

remedymg an evil which has already been of too W 

to be a reproach to science^ 
M^y, course, w^ not have it ia their power to 
^ up the plan m all its details ; but they wSl oontri- 
ttoS ?s^^t for-ward the design, if, in such observa- 

!Si It convenient to malce, thev 

strictly comply vrith the rules proposed ” ^ 



the baeometee. 


General Descbipiion of the Instrument. 

Construction of the Instrument.— The barometer, as 
usually constructed, consists of a tube of glass, about 34 i^hcs 
in length, closed at one end, filled with mercury, and i)lac(«l vci- 
ticaUyVth the open end dipping into aciip containing luemny, 

■which is commonly called the cistern. The mercury should bo 
pure, of the specific gravity of 13 • 594. The mercury docs not 
Intirely fill the tube so placed, but, according to the changes oi 
atmospherical pressure, occupies at the level of the sea froin 31 to 
27 indies of the tube, measured above the mercuy in the eistcru. 

The space above the mercury in a properly filled barometer tube 

contaiis nothing but a little of the vapour of mercup. It is 
called the Torricellian vacuum, from the name or the Italian 
physicist who invented the barometer. 

As the mercury in the tube balances the pressure of the atino- Bammdtt'v 
sphere, it is obvious that it must rise with increased atmosphono 
pressure and fall with diminished iffcssure, so that by noting on a 
Enear scale the length of the column, we may measure the toeafhl ot 
the atmosphere. Such a scale is commonly divided into 
or millimetres, or any other recognised division of length. Tables 
for the conversion of readings givim according to any of the usual 
scales to the English scale, and vice versd, will bo found in Appen- 
dix I, Tables HI., IV., and V. 

It has just been said that the length of the column must bo 
measured from the level of the mercury in the cistern ; but it is ob- 
vious that during the changes which take place in the length of tho 
column, the mercury which loaves the tube must enter tho cistern, 
or vice versd ; hence tho level of tho mercury in tho cistern under- 
goes changes related to those of the column. In measuring the 
fength of the column wo must therefore take into consideration 
these changes of level in the cistern, and this necessity has led to 
vai-ious constructions of the latter, as will be explained further on. 

The cistern need not bo covered ; hut, in order to render the in- 
strument portable, it is usually closed in such a way as to proveni; 
the escape of the mercury, while admitting of its being afi'ectod by 
changes in the pressure of tho atmosphere, and is firmly comeutod 
to the tube. The whole is then supported by a case. 

There is much variety in tho form, though less in the material, of MatiTiiU for 
barometer oases. Brass is considered the best material, because its 
coefificient of expansion by heat is well known ; and this is very 
important, as the tables for correcting barometer readings for 


♦ The reason for saying “ at the level of the sea” 'v^'ill lx? explainod at p. 
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Material for 
cases. 


Material for 
scales. 


Cistern level. 


Fortin's 

method. 


Contraction of 
scale. 


temperatoe, founded upon the coefficients of expansion of mercury 
glMs, and brass, always ^ye identical results with such barometers! 
althoi^h the nature of the alloy forming the cases may not in 
all instances be exactly similar. 

Barometers are also cased in various woods, but in different, and 
even in similar, species of wood, the expansive coefficient is not 
same, nor is it constant for the same specimen, as wood is 
attected by moisture as well as temperature. A reduction table 
as been calculated, founded on an average of various determi- 
nataons of the e^ansive coefficients of certain woods, such as oak, 

IS?.’ r? it cannot be relied upon for accurate 

resets, like that for brass. Barometers in wood, however well 
made, must always be inferior in accuracy to those mounted in 
brass, and for this rmon readings from such instruments are of 
little yalue for scientific purposes. 

+1 w ^eater part of it, is commonly measured along 

me ease , but if a scale be applied which is quite independent of the 

reduction for temperature would depend 
upon the material of the scale, and not upon that of the case. ^ 

t.n+ not the whole length of the scale, 
but only the part usually required; vk., that from 27 to 32 
mches, unless the barometer be required for use at great heights 
mu^^lo^ ®®®i?. case the graduation must be carried 

nr actually be engraved on ivory, porce- 

IfobL P"®P®" if tto case 

Tri ^® *^® ®“^® i® considered to be on brass, 

SiioT,^ *^® ®®®i® i® considered to be on wood. 

Such a construction of barometers is, however, utterly unsuitable 

tor instruments of any value. 

mercury in the cistern may be com- 
peMated tor (1) by a so-called capacity correction; (2) by a pliable 
cistern base ; (3) by a contracted scale ; or (4) by dispensing with 

SL’^tumed employinVfor^ the^romfter a 

tu^ tum®d up at the open end in a U shape. 

nn method imiBt be resorted to when the dsternis entfrely 

? scale of standard inches is engraved on the cvj. 

applymg the capacity correction is explained at p. 29. 

is avoiS the necessity for the capacity correction 

IS avoided by apecuhar construction of cistern invented by Fortin 
after whom such barometers have been named. The scale is S 
f construction of cistern is best 

eSntd^SiJ^^ standard barometers, and will be fully 

w i- ^ ®®“® tlds class of barometers (p. 18). 

The tlurd pl^ was adopted by the Kew Committee of the 

by means of it we obtain an 
reS T?v ^^™“®*®^^^ldch does not require a capacity cor- 
5" method the extreme length of the scale is niarked 

uLi ®ff mches from the 

downw^d, the inches are shortened in proportion to 

fcnf '-ft ^^“®*®" ®f *^® a’ld of the cistern. 
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This method has also grown into favonr for station barometers. 

For the ordinary kind, mounted in wood, it is especially suited, 
as it does away with the necessity for a capacity correction; but 
for standards it is not to bo preferred to Fortin’s plan. All marine 
barometers should be graduated on this prmmple. (bee p. 20). 

The fourth plan is that employed in syiihon barometers (p. 23). Syplsin imco- 
In such instruments the mercury as it sinks in the long closed log 
of the tube rises in the short open one, and vifie vers4, and the 
reading of the barometer is the difference in hwel of the mercury 

in the two legs. . i ^ 

We have spoken of the capacity correction for barometers. 

There is another correction required owing to the capillary option 
between the glass tube and the mercury m it. ilus will be 
explained at p. 29. 


Heading the Baiiometme. 

Principle of the Vernier. —In order to facilitate the taking J 
of readings of the height of the barometer, a Kinall 
moveable scale, called a « Vernier,” from the name of its inventor, 

is attached to the instrument. t • xi , 

The general principle of this movcalile dividing sen c is that a, 
given length containing n divisions of the fixed scale, is divided 
into w+ 1 or 1 divisions on the vernier. In standnril barometers 
twenty-five spaces in the vernier are equal to.any twenty-four siiaeos 
of the scale, which are each half a tenth, or five hundredths, of an 
inch ; therefore a space on the scale is larger than a sjiaee on the 
vernier by the twenty-fifth part of •b.'i inch, vvlueb is -(102 
inch, so that the vernier exhibits differem^es ol -OD'J of an inch. 

Setting the Vernier.— I'l»o vernier is moved by a rack 

jind pillion. Turn l.lio millocl-hoad 
of tlio pinion (wch^ Kig. fi, p, IH.) ho 
tiB to bring th<^ louur edgOH of tho 
vernier exactly on a kivel with tlu^ top 
of tlio imircnirial column, which in 
usually (sonvex. When mi ]>roperly, 
the (ront edge oi' the V(»ruior, ilu^ top of 
the mercury, and tlu^ hack edgci of the 
vernier should be in the lino of sight, 
whi(di Hnci will thus just toiud* tlu^ 
middle- and upj)ermod j)olnt of th(^ 

(joluiun. Gxesat care should ho faktni 
to acquin^ the habit of reading with the 
ey(^ exactly on a lov(d with tho top of 
the nutt'cnry. vernier o<Ige iuuh(p 

not b(i brought too low, or it will 
correspond with a eJiord of the curve 
fonn(d by tlui snrliico of tho iiienMiry 
^ • ins! ea.d of 1 icing a ta ngon t <;o tliat ci \ rve. 

Just l)cforc setting the vernier one or two taps should be givcni 'rapping tho 
to the barometer, by tbc hand, of sufficient force to cause tlie top 
of tho juorciirial column to bo agitated. This opci*ation ovorcomos 
the tendency of the mercury to adhere to tlie glass, and allows 
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Setting the 
remier. 


Beading the 
barometer. 


the force of capillarity to exert its normal action. If ever the 
difference of height thus caused is of any importance^ it is when 
the pressure of the air is rapidly changing, and the barometer in 
kept perfectly undisturbed. A beginner should watch the effect 
of tapping, in order, that he may learn the necessary amount of 
force to use, which should never be exceeded for fear of damage 
to the instrument. 

A piece of wHte paper placed behind the tube, so as to reflect 
the light, assists in setting the vernier accurately. A small buirs-eye 
lamp^ or a candle held at the side of the instrument, so as to throw 
the light on the paper, enables the observer to get a correct readino* 
at night. When observing the barometer, it should hang freely, 
not being inclined by holding or even by a touch ; because any 
inclination will cause the column to rise in the tube. 

The usual graduations of the scale and vernier for Enf^lish 
barometers are as follows 


Everr lontr linp / barometer scale 1 ^ ^ „ 

^ ^ L corresponds to - tenth (*100) of an mch. 

„ short „ „ five hundredths (-050) „ 

Evervloni? liTiA J Temier scale "I v j a., . 

Jiiverylonglmej corresponds to - . | one hundredth (-010) 

„ short „ „ two thousandths (* 002 ) „ 

Readmg the Barometer.— The mode of reading off may 
be learned from a study of the following diagrams, in which A B 
represents part of the scale, and C D the vernier, the lower edge D 
denoting the position of the top of the mercurial column The 
scale IS r^ay understood; B is 29-000 inches ; the first lino 
above B m 29-050; the second line 29*100, and so on. The 
first tMng is to note the scale line just below D, and the next 
IS to tod out the line of the vernier which is in one and the 
same dmection -with a line of the scale. In Fig. (2), the lower 
edge of the vernier, D, is supposed to be in exact coincidence 
with scale Ime 29*5; the barometer therefore reads 29*500 inches, 
studying It attentively in this position it will be perceived that 
the vernier line u is ;002 inch below the next fine of the scale. 
U, therefOTe, the yermer he moved so as to place a in a lino with 

^ I® it « tlmt i 

18 004 inch away from the line next above it on the scale: c, *006 
inch ap^t from that next above it; d, *008 inch from that next 
above It; and 1, on the vernier, is *010 below y. Hence, if 1 be 
moved into hue -yith y, D woidd read 29*510. Thus the numbers 
’ Tv indicate hundredths, and the inter- 

w? / q? It® thousandths of an inch. Eeferring now to 

fiig. ( 3 ), the scale line next below D is 29*650. Looking carefully 

evoS! ^ r 3 0° seen to lie 

tlT +lf* T^* “*® *®’“ * n® number 3 indicates * 030, and 

the third subdivision *006 ; and thus we get— 

Beading on scale - - 29-650 

Beading on vernier - J * 

t -006 


Actual reading 


29*686 inches. 
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Sometimes two pairs of lines will appear to be almost coincident ; Keading the 
in which case the intermediate thousandth of an inch should he set barometer, 
down as the reading. Thus, suppose the reading appears to be 
29‘684 or 29-686, the mean 29*685 should he adopted. 


Fia. 2. 


I'm. 3. 

-nSlii 




Attached Thermometer. -Every mercurial j^rometer ^ 

should have an accurate thermometer attached to its Irame, tno 
bulb of which should be turned inwards so as to bo as near as pos- 
sible to the barometer tube. The thermometer may also be plunged 
in an open ghiss tube of the same section as the barometer tube, 
which is full of mercury and attached to the frame of the barometer. 

The degrees should be etched upon its stem, and, of course, a num- 
bered sSxlc shouhl bo placed by its side. No reading of a barometer 
is complete without a notation of the temperaturo at the same time, 
which should be taken before the barometer itselt is /^ad, so mat 
this “ attached thermometer” is an essential part of the baiom^er. 

The reason of this statement is explained at p. 30, and tables 
for ‘‘ correcting” the readings for temperaturo wiU be found m 

App, I., p. 82. 


Defects of Barombtees. — Air ik Tube. 

It hoH been said that the space above the mercury in the tu^be 
should contain nothing but a little of the vapour of mercury, but 
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bubbles from 
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it happens occasionally that small quantities of air creep up between 
the mercury and the inner surface of the tube, or that a little mois- 
ture may have been left in the tube from the process of washing it 
out. The slightest trace of moisture is very detrimental, as it makes 
the mercury adhere to the glass, and so causes the barometer to be 
sluggish in its action, besides affecting its accuracy by depressing 
the column of mercury. Should the glass become smeared by 
the mercury, so that the mercury appears to cling to the 
tube, the presence of air or moisture may be assumed, and the 
instrament should be sent to the maker to be reboiled, refilled, or 
fitted with a new tube as may be necessary. To know whether a 
tube with mercury has been well boiled, it is unnecessary to watch 
the process. It is sufficient to examine the tube with a lens. The 
absence of small specks and minute bubbles may be considered a 
satisfactory indication. It is sometimes recommended to cause 
the mercury to strike the top of the tube ; a clear metallic click 
indicating a proper condition of the mercury, while a dull sound 
^ves evidence of the presence of air or vapour in it ; but, unless 
the tube be very gradually inclined, it may be broken by the mo- 
mentum of the mercury in it, and there seems to be no general 
necessity for incurring such a risk: it should therefore never be 
attempt^ without very good reason. 

In order to prevent the access of air or moisture to the 
vacuum it is the practice to insert a small funnel or 
pipette in well made barometer tubes, somewhere between 
the range of the column and the cistern neck. The pipette 
was fir^ suggested by Gay Lussac, in order to stop the 
ascent into the vacuum of air or moisture which may work 
its way from the cistern into the tube between the glass 
and the mercury, for this will lodge at the shoulder A as re- 
presented by the white space, (The figure in the margin 
represents the portion of a marine barometer tube 
which contains the pipette a b. The lower part of the tube 
has a contracted bore down to the cistern. The upper part, 
as far as the scale portion, in such barometers, is oon- 
^ted even to a finer bore than that represented in the 
ngure, to obviate ‘‘pumping,” see p. 19). 

^perience proves that instruments deteriorate less 
rapidly with this contrivance than without it. Oases, how- 
ever, occ^onally occur in which it does not effectually 
prevent the ingress of air and moisture, and it then 
becomes necessary to boil the tubes over a gas or charcoal 

barometer tubes should be thus 
treated as soon as made, m order to expel any air or 

Pur. 4. moisture which may have been left behind in SJpweS 

ofSvttKbf *!>« "Ohm.. 

not »n- 

difflcnlt to remove any air wHck may i.et into tlori 
tiglrt^itehoniaie m£»r down and taiSdTergentiy 
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mercury fills the tube. On inclining it still more, so as nearly Eemovaiof air, 
to invert it, the air, if present, will ascend in a bubble into the taro- 

cistern, unless it be a very minute quantity and be detained 
by adhesion, in -which case the top may be slightly tapped on 
the ground to facilitate its exit. Should air have got into a 
marine barometer its removal is a difficult matter, and the instru- 
ment should be sent to the maker. 

Sometimes, though very rarely, a particle of dirt, or a bubble of 
air lodges in the very fine contraction of the tube of a marine 
barometer, and completely stops the action of the instrument. 

Whenever, therefore, a marine barometer becomes stationary or 
inactive when it evidently ought to be moving under the influence 
of atmospheric changes, there being no evidence of fracture of 
the glass, the cause may be surmised to be of this nature. It 
should then be taken down, the mercury allowed to fill the tube, 
and the instrument put aside, in an inverted position, for a few 
hours. On replacing it, the cause of the stoppage will generally 
be found to have been removed to a part of the tube where it 
can do no harm. 


Management oe Baeometees. 

In handling barometers it should always be remembered that 
they are delicate and expensive instruments. The result of rough 
treatment is breakage ; and for scientific purposes, observations 
from an instrument improperly repaired and not verified are 
useless. 

Packing and Transmission.— Experience shows that it is PacHngfor 
advisable to give some directions as to packing barometers. The transmission, 
instrument liaving been taken down and placed in its box, as 
directed under the head of each special typo of instmment, should, 
if it is to be sent by rail or other conveyance, and is likely to be 
handled by persons unacquainted with its delicate and peculiar con- 
struction, bo placed in a packing case with two or three inches of 
soft clastic packing all round it, as hay, straw, shavings, tow, or 
paper-cuttings. The lid of tho case should never le nailed domn^ 
but always fastened with screws. The address label should 
be parted (not nailed) on the end of the case which is next the 
cistern, or lower end of tho barometer, and it should be marked 
« Glass and fragile instruments. Keep this box lying flat, or carry 
it this end upwards.” Of course, if two or more barometers are 
packed togothcr, the cisterns should aE be placed at this marked 
end of the case. Barometers should be transmitted by passenger 
train, and, in short, always by whatever route or conveyance 
affords tho safest transit. _ Transhipment or change ot con- 
veyance should be avoided, if possible. 

Position.— The barometer maybe placed in any convenient Suspension, 
room, but should be fixed in a good light for observing, out of 
tho reach .of sunshine and as much as possible out of the toect 
heat from a fire or lamp, and should not be exposed to sudden 
changes of temperature. Great pains must be taken to ensure 

34072 . ® 
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ciple. 

Standard 

Barometer. 


that the instmmeiit hangs absolutely vertically, for the slightest 
divergence from a perpendicular position will cause an appreciable 
error in the readings, making them always too high. It should 
also hang where it can be carefully protected from injury. 

Different Kinbs of Barometers in usel 

! A short description of the principal kinds of 
barometers will now be given, omitting all 
mention of constructions which have not proved 
generally useful, such as long-range barometers, 
and those with distorted scales, or with spiral and 
diagonal tubes. 

Lani> Staneard Barometer. 

The best standard barometers are made on 
Fortin’s principle, which was mentioned on p. 12. 
In these instruments the upper part of the cistern 
is made of glass, the base is pliable, and acted upon 
by a lifting screw. The zero of the scale is 
visible in the cistern, being generally a piece of 
ivory, whose lower extremity is called the Jidu-- 
dal point The level of the mercury in the cistern 
must be set to this point, before taking the rcad- 
ing, by raising or lowering the cistern base by 
means of the thumb screw. The tube is mounted 
in a brass case, which is suspended from a hook 
at the top of a mahogany board, so as to ensure 
perpendicularity (Fig. 5). At the lower end of 
me board is a socket or ring, with clamping screws, 
for steadying the instrument in a vertical position 
when m observation is to be made. The instru- 
ment is so suspended that it may be turned at 
pleamre to any source of light for setting and 
reaomg the vernier. A sheet of white notopapcr 
nxed on the board, just behind the top of the mer- 
serviceable in rejflccting 
the ligh^o as to enable a good observation to bo 
naade. ^ The vernier is constructed to read to - J-r 
of m inch, or by estimation to • 001 inch, and 
IS adjusted by a rack and pinion motion. 

Barometers on Fortin’s principle can only get 
^t of order by the ingress of air or moisture. 
Ihey ^e not- affected by any changes which 
may take place in the material of the cistern or 
the mercury therein. The scales are engraved 
a dividing engine, and are usually laid down 
with accuracy. The only scale error likely to 
incorrect fixing of the zero 
point; It wiU, however, be constant throughout 
ij’ig. 5, the scale, and can suffer no change from ^e of 
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the instrument; moreover the position of the mercurial surface is 
independent of loss of mercury from oxidation, &c. The mode of ' 
testing a standard barometer will be found at p. 27. 

When sent into the country or abroad, a standard barometer is Management of 
usually packed, apart from the mahogany board, in some soft elastic standard 
material, the screw at the bottom being turned so as to fill the tube 
and cistern with mercury. It should not be handled until a po- 
sition has been selected for it, and then it must be very carefully 
unpacked. It should be suspended so that the scale may be about 
five feet ficom the ground or floor, and that the zero point in the 
cistern and the vernier on the scale may bo easily seen. The 
board should first be fixed against the wall, the cistern then 
inserted into the socket, the instrument suspended from the hook, 
and its perpendicularity secured. When this is done, the thumb 
screw at the bottom should be reversed till the mercury in the 
cistern falls to the level of the ivory point. 

To set the Barometer, first read the attached thermometer, Reading a 
then adjust the mercury in the cistern by means of the thumb** 
screw, (the tube being held vertical by the clamping-screws,) ho 
that it exactly touches the ivory point, which, with its reflection 
(if the surface of the mercury be clear,) will then appear as a 
double cone. Next adjust the lower edge of the vernier tan- 
gentially to the convex surface of the mercury in the tube, by 
keeping the eye in line with the back and front edges of the 
vernier, see p, 13. It requires a little practice for the novice to 
make these adjustments properly and expeditiously. While it is 
all-important that they should be done properly, it is advisal)lc 
to do them quickly in order to avoid raising the tomporaturo of 
the instrument by the proximity of the observer's ])orHon. 

The method of correcting and reducing the readings will bo 
found at p. 32. 


Marine BAiiOMETEus. 

It is necessary that a portion of the tube of a baromotor Marino bare- 
intended for use at sea should bo made with a very fine boro, as 
will be seen in fig. 4, p. 16, in order to ch(3ck the oscillations oftlio 
mercurial column which would otherwise occur from the motion of 
the ship. When the bore is not sufficymtly contracted, the ship’s 
motion causes fluctuations in the mercury in ilu3 tulxs, to which 
the term “pumping'^ is applied. Of course this pumping ’’ is 
objectionable, as at times correct readings cannot be obtained. 

On the other hand, when the contraction is too fine, the instru- 
ment is sluggish in responding to the varying pressure of the 
atmosphere, and is proportionally ill-adapted for accurate obser- 
vations. 

Kew Marine Barometer. — In 1854, the Kew Committee Kew buro- 
of the British Association were requested by Government to re- 
commend a form of barometer suited for the mariue observations, 
which were then about to be commenced by the Admiralty and 
the Board of Trade, in accordance with tho resolutions adopted at 

n 2 
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the Brussels Conference. Accordingly, by direction of the Com- 
mittee, Mr. John Welsh, at that time in charge of Kew Observatory, 
made special experiments to ascertain the appropriate limits of 
contraction for marine barometer tubes. The reply of the Com- 
mittee to the Board of Trade stated that in selecting the form 
of marine barometer best adapted to the purpose of making 
observations at sea^ the Committee have endeavoured to combine 
convenience and economy with accuracy, durability, and simplicity 
in construction and adjustment. 

The barometer proposed by Mr. Adie appears to them to 
fulfil those conditions in a satisfactory manner.’' * 

Accordingly this barometer has been adopted by the Govern- 
ment. It is in all respects a trustworthy instrument, and is equally 
available for land or sea service. It is not too sluggish for accuracy 
on land, while at sea the motion of the ship is rather favourable 
than otherwise to its correctness of action. It is mounted in a brass 
case, but, as this alloy is liable to be acted upon by mercury, the 
cistern is made of iron. The case is open in front and rear so as to 
expose to view the range portion of the tube, and the scale is pro- 
tected from dust by a glass shield (see Fig. 6, p. 21). The vernier is 
engraved on a small piece of silvered brass tubing, and travels 
firmly, by a rack and pinion motion, the parts being kept in position 
by friction. The vernier is similar to that in a Fortin's standard 
barometer, and enables the height of the mercurial column to be read 
by estimation to the nearest thousandth of an inch. See p. 14. 

The inches of the scale are contracted to compensate for the 
alteration^ iii the level of the mercury in the cistern, as has already 
been explained. 

In the Government marine barometers the diameter of the cistern 
is about 1-25 in., and that of the tube about 0*25 in. The scale, 
therefore, instead of being divided into inches in the usual way, 
is shortened in the proportion of 0*04 of an inch for every inch. 

.The cisterns of all marine barometers are closed. Each contains 
sufficient mercury to cover the open end of the tube in whatever 
position the instrument may be placed; so that no adjustment of 
cistern whatever has to be made, either for portability or for 
observation. The observer should never attempt to meddle with 
the cistern. Cisterns made of wood are sufficiently pervious to 
air , for the mercury to be affected by the variations of the 
pressure of the atmosphere. Those made of iron are provided 
with a small aperture at the top or cover, which is closed internally 
by a piece of leather, through which the air can act, but the mer- 
cury cannot escape. 

Every tube is constructed vrith an air-trap, similar to that 
already described, p. 16. 

“Gim” Barometer.— A modification of the marine baro- 
meter, for the Naval Service, intended to withstand the concussion 
arising firom gim-firing, was designed in 1861 by Admiral FitzEoy, 


* Ihe precise regulations as to the tests for sufficiency of contraction, &c. trhioh 

bMomS^'^* *** treating of the testing of marine 



its use being rendered necessary by the greatly increased size of 
modern artillery. In this instrument the glass tube is surrounded 
as much as possible with vulcanized india-rubber tubing, as pack- 
ing, which checks the vibration arising from concussion, but does 
imt hold the tube rigidly. The cistern is made entirely of se^oned 
box-wood, but would be improved by the substitution of iron, 
as being more durable, and preserving the mercury better from 
oxidation and moisture. Formerly these barometers were only 
o-raduated to O'Ol in., but they have lately been fitted with 
fmproved verniers and accurate scales, so as to read as closely as 
the Kew marine barometer, from which they therefore now differ 
only in details. • 

Direotiong for HaildUng.-Baron.etm when in ^ 

sea are slung in gimbals, and 
suspended from arms at least 
a foot long (Fig. 6), so as to be 
perfectly free to assume the 
vertical position under every 
moyement of the ship, and 
at the same time to keep 
clear of the bulkhead against 
which the arm is fastened. It 
is desirable to place them 
in such a position as not to 
be in danger of a side blow, 
and also sufficiently far from 
the dock above to allow for the 
spring of the m6tal arm in oases 
of sudden movements of the 
ship. If there be risk of the 
instrument striking anywhere 
when the vessel is pitohing 
of rolling heavily, it will be 
well to put some soft padding 
on that place. It is es- 
sentially necessary that the 
instrument should have free 
swing. No steadying springs 
or stays of any kind Mould 
be applied to^ a barometer, 
as by their weight ^ they 
at all times keep it slightly 
out of the vertical, and when 
they come under stress the 
instrumentis in an abnormal po- 
sition altogether. Care should 
le taken that no readings from 
a barometer which is not flang- 
ing truly vertically should ever 
le recorded. Such readings will 
always be too high in propor- 
Fig. 6. tion to the degree of obliquity. 
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Tarious contrivances have been resorted to for rendering the 
arm and gimbals elastic, so as to yield to sudden jerks. Experience 
proves that a simple straight arm of vrell-hammered brass has 
suffident spring for the purpose. 

When these barometers are used at land stations the arm is 
made much shorter, but in all other respects the instrument is 
moimted as shown in the figure. 

A bracket and screvrs for suspending the barometer are in its box. 
oCTew up the bracket where the barometer is to be hung. Then, 
lift the instrument carefully out of its box, bend back the hinged 
part of the suspension arm, and slip it into the bracket. (The 
holding screws should not be driven quite home until the instru- 
ment is in position.) The mercury wiU then fall gradually, and 
^e mstrament will usually be ready for observation in about an. 
hour. In a well boiled tube the mercury sometimes remains 
immovable, and will not quit the top of the tube. If after the 
lapse of a few minutes the mercury has not left the top of the tube, 
tap the cistern end rather sharply with the fingers, or make 
e mstoument swing a little in its gimbals. This difficulty very 
rarely happens, and no precise mode of treatment can be laid 
down: the remedy lies much at the judgment of the observer, 
who should use such means, but never violent ones, as he may 
deem best to cause the mercury to fall. The box should be 
saiely stowed away. 

^ barometer and 

7f7h, V^ wmwr be brought down to the bottom 

iavi^ l^edffie instrument out of the bracket, 
111 ^ tnchned position for a few minutes so as to 
a^ow the merely to flow ymtZy up to the top of the glass 
wSf; V • .\e token lengthwise and laid in its box, 

mat liA Poitohk, wiffiout any other adjustment whatever, and 
may be COTied with the cistern end upwards ot lyinq fiat but it 
must not be subjected to jars or concussions. ^ 

. Barometer.— As there is no adjustment of the 

cistern requisite or m fact possible, in these barometers, all tha? 

IS necessary 18 to r^d the attached thermometer, and thL to 
adjust the vermer and read off as directed at p. 14 . 

Common Marine B^ometers are not made on any uniform 
system, eiffier as regards the contraction of the tubes, the compen- 
sation of the scales for edacity, or the introduction of the air-trw to 
prevent detenomtion. They are cased in wood, and are Showy 
mstonts. Their usual faults axe either sluggishness from S 
contraction, or pumpmg firom msuffident contraction. The scale 
emrs me sometames of considerable magnitude, and differ in yaW 
at different parts of the scale; while the mercury itself is fre 
qu^tly impure, owing to o^dation or to the presence of mdsturt 
K box-wood with a pliable leather £se' 

to wkch a lifhmg screw IS attached. This a^ngement iTsolelv 
mtended to render the instrument portable. It is covered bv 

^ outer brass casmg After fixing up such an instrurent tbe 

brass casing should be unscrewed, and the flexible base of the 
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cistern let down. Before changing the position of the 
or taking it down for carriage, the astern should he screwed up 
SO as to confine the mercttry in a* close space. , ^ j 

As regards the use of such instruments it need only 
that even if their construction were otherwise aooi^te, no readmgs 

from barometers mounted in wood S 

scientific value whatever in comparison with those from instruments 

mounted in metal. 


Stphok Babombxees. 

lie fab. of , barometer may bo tot .p at the ojten ead m *e JgJ t”- 
shape of a syphoa, with the ehort limb 6»m “ « “8“ 

W. This d^ away with the *>' 

Buffimeat mercury is introduced mto . atthetOT by 

siirmoTta the mercurv in the long hmb, which is closed at the top, oy 
supports tne mercury 6 ^ barometrical column 

its pressure npon that m the snort iimo. •a-sruo riaaa- 

rises and Ms, the mercury in the short hmh 

therefore nrovided the calibre of the upper part of the long limb 

lo e^d to^rro? the short limb (so that the 

is the same in each), the distance t>etweon the upper and 

lower levels of the mercury is always the 

metric column. A scale of inches startmg from a zero t^on 

near the bend of the tube, with vermers Thf S- 

the means of measuring the long and another 

frvMipo of reading’s is the height of the baiometer. J5_y anoti cr 

method the zero point is taken at some intermediate position, and 
the distonces of the mercury levels bemg 
upward and downward, their sum is the height of the 
^As the capillary action of tho glass 
at each of the mercury surfaces, no 

reanired. If, therefore, a correct scale of Jiur 

iXumcnt should have no error; but practically this is hardly 
evSTetase ^ index error Bhoulcl be determined by com- 
parison with an acknowledged standard barometer. The correc- 
tion for temperature is applied, as for other barometers, according 
to tho material on which the scale is mounted. 

As a standard station barometer the “ 

used in this country, though it is very generally adopted on the 
Continent, and in foot tho Permanent Committee ot the Vienna 

Congress have recorded their opinion as follows:— 

« That'if wo sijeak of tho comparison (0%C1?3. tiio uSl 

“ but that syphon barometers of 

« traveUing barometers woidd not 

5.SSS, fatuld SJfyX'irf to L i. b* bg.. im™ai.tdr brtu. 

“ the reading.” 


MOtTNTAIN BAEOMEXBBS. 

Th.wtofon» .( fab. 

barometers ; as, from the absence of a cistern, and the smaU quanuty 
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mercury required^it makes a light and compact instrument. In^ 
stead of the top of the short limb being left entirely open, it is closed, 
and a snaall conical puncture is made at the side, which is bound 
round with cotton wool, so that the instrument may be inverted 
for travelling without any mercury escaping. The portion in 
the short limb is then loose in its part of the tube, but, as there is 
little of it, there is no danger of its breaking the tube by its 
momentum if ordinary care be taken in moving the instrument. 
Ihe tube is contracted along the intermediate portion and round 
the bend, so that the mercury, filling it when inverted, is retained 
there while travelling. 


Common land 
barometers. 


Obdinabt Babombters. 

Before leading the subject of barometers, it is well to say a few 
words about the commonest forms of barometers in use on land, 
aJtbough, as already explained, such instruments cannot lay any 
considered as scientific instruments at all. 
rpL . land barometer is generally mounted in wood. 

The cistern may have a flexible base, but if so, its purpose is 
sprewmg up the mercury so as to fill the tube and 
render the instrument better adapted for carriage from place 

barometers are useless for scientific 
records (see p. 28). Like the wheel barometers, they are house- 
used as weather glasses, which name they have 

Very dry. 

Settled fair. 

Pair. 

Changeable. 

Eain. 

Much rain. 

Stormy. 

^ew. They were, no doubt, intended to refer to 
barometerwhen placed at or near the sea level ; but even 
Imitation they are not correct, for weather depends on 
circumstances than mere atmospheric pressure! “^“7 other 


At 31' inches 
30-5 
30 
29-5 
29 
28-5 
28 


“Fisliery” 

barometers. 


Coast or “Fishery” Baeometeb. 

accurate for all practical Daruosea nn ^ sufficiently 

raaie of oak. aad^^Tw “ 

piece, nor i„u faeteaffige ^eS'ae^h.^ ^efapr S 
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o Tho tube shows a broad column of mercury. It dips in a “ ” 

^ well seasoned box-wood cistern, which has a barometers, 
flexible base made of sheepskin, and is pro- 
vided with a lifting screw. The scale plates 
are porcelain, and have the lettering burnt in. 

IhI'^fM The vernier reads to hundredth parts of an 

!«»■ fl i"3B inch, and one is fixed on each side of the tube 

to facilitate the observation of changes of 
loRY ittHI pressure. The attached thermometer is large 

I • H- Sal and easily read. It wiU. give the temperature 

1^11131 of the air, as weU as that of the barometer, 
when the instrument is freely exposed, pro- 
vided it is not exposed to sunshine. 

The Meteorological Office has placed about 
MMmBBa 120 barometers of this description at exposed 
positions on the coasts of the British Isles 
^IHir for the use of fishermen, seafaring persons, 

B— and the public generally. The instrument 

is admirably suited for erection as a public 

! ill "^^D^eotions for Handling.— This ha- Management. 

I »L '' rometer should be suspended on a hook or 

I stout nail, against a frame or piece of wood, in 

I 5 il the shade, so that light may be seen through 

I 2 i the tube. Otherwise a piece of white paper 

I : i- should be placed behind theupper or soalo part 

I s i of the tube. When first suspended, take the 

I s r pinion key (from the lower end of the scale), 

S i ^ fit it on the square-headed brass pin at the 

I j lower extremity of the instrument, and turn 

I I gently to the left, or against the sun, till the 

I y I screw stops j then take off the key, and re- 

place it for use on the vernier pinion near 
|||Ay the scale, where it should remain, to bo used 

B||H| in moving the vernier. The cistern base 

Jl||||||ir being thus let down, the mercury in the tube 

comes at once to its proper level. 

I’a removing this barometer it is necessary 
to slope it mry gradually, till the mercury is 

liMllllin 

Kliilil ™ instrument reversed, to screw up the cistern 
jj ipiiiBB base or bag, by the pinion key, used gently, 

and turned to the right till it stops. It will 
nSfiSiS® then be portable, but should be carried with 
I the cistern end uppermost, or lying flat. 

Kg. 7. and it must not be jarred or receive a 

concussion. 

Wheel Bakombtee. 

The syphon tube is greatly used for the construction of the Wheel baio- 
household weather glass known as the Wheel Barometer. In this 
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instoument the mercury in the short limb carries a float, to which 
a silk cord is attached, and carried over, and two or three times 
round, a fixed pulley, the other end being counterpoised and 
kept in a guide tube to prevent its oscillating. The axis of the 
pulley carries a pointer in front of a dial mounted on the wooden 
case of the instrument. As the barometer rises the float 
descends, and the cord drags the pointer to the right ; as it falls 
the float rises and the counterpoise brings back the pointer to 
the left. The dial is graduated to correspond with the inches and 
divisions on an ordinary barometer, usually from 28 to 31 inches. 
The arrangement gives a very open scale ; for, although the actual 
naovements of the mercmy are only half of what they are in an or- 
(hn^ barometer, yet the pointer, traversing a large arc, multiplies 
their linear extent It will be apparent that as the mercury rises, 
say half an inch, in the long tube, the fall in the short limb being 
al^ half an inch, the length of the barometrical column, which is the 
difference between the hdghts of the two surfaces, has increased 
one mch ; but for this increase of one inch there has only been 
movement through half an inch, and this is the amount of move- 
ment given to the pulley, and is shown on the dial as a change, say 
from 29 to 30 inches. 


The inertia arising from the weight of the float and the friction 
01 the cord and^ pulley rehder the instrument at all times sluggish, 
but more especially so at the times of change from a falling to 
a rismg barometer, and the converse. The most perfect baro- 
meter mi^t always be a little behind the actual (Changes of 
atoOTpherical pressure, considered as pressure merely, because 
ot the inertia to be overcome arising from the weight of the 
naerc^ and its friction against the glass tube. The mercury 
ot a b^ometer is, moreover, virtually a body in motion, and must 
obey the law of mertia, which teaches that the motion will cou- 
toue after t^oause has ceased to produce it, until its energy is 
estroyed. Whenever, thpefore, we seek to make the barometrical 
column perform work as in the wheel barometer, or in the rcris- 
ter^ barometers which act mechanically, we increase the inerlia, 
and coi^equentty render the instruments more sluggish than they 
o^erwise would be. This circumstance has induced meteorolo- 
g^ts to resort to the photographic method of recording the height 
of the barometer, examples of which are the barographs used at the 
ob8e]wa,toTO8 of the Meteorological Committee. For a description 

for1“867l^*™“®“*’ Meteorological Committee 


The aneroid. 


Substitutes bob Mbecueial Baeometebs. 

Aneroids and metallic barometers are useful substitutes for tho 
mercurial barometer as weather-glasses. 

_ The Aneroid is an instrument which has come into exten- 
sive use, ow^ to its convenient size and portability ThSe 
recommendations have at once secured its very general^adoption! 

In the atmospherical pressure is measured by its effect 

m altering the shape of a email, hermetically sealed, m JtalKc box! 
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from -which almost all the air has been -withdrawn, and which is Aneroids, 
kept from collapsing by a spring. The top o£ the box is corrogated. 

When the atmospherical pressure rises above the amount which 
was recorded when the instrument was made, the top is forced in- 
wards, and vice versd, when pressure fells below that amount, the top 
is pulled outwards by the spring. These motions are transferred by 
a system of levers and springs to a hand which moves on a dial like 

that of a wheel barometer. n , , 

It is at once evident that the instrument must be gradiiated 
experimentally, as it cannot measure pressure absolutely, but 
aMs indications relatively to a mercurial barometer (its sensi- 
bility depending mter alia on the quality of the metal ot which the 

^°The™rinaple of the metallic (Bourdon’s) barometer is somewhat 

similar to that of the aneroid. t i j 

Aneroids are very sensitive, but unforttmately they do not 
preserve their accuracy. If a table of corrections be determmed 
ior an aneroid, it will be found that after a time it has imdergone 
some change, and that ihe values of the corrections will require 
alteration, so that re-comparison with a standard baroineter "wiU be 
necessary. In every case of such comparison the readmgs ot the 
mercurial barometer should be reduced to 32°. 

A most serious objection to the scientific utihty of thes.e instru- 
ments is their liability to injury, owing to rust or -to the alteration 
of force in the springs used in their construction. _ However, 
for the reasons above stated, the aneroid is espeoiaUy suitable 
for fishermen, pilots, or seafaring persons employed in boats or 
HTTifin coasting vessels, in which there is not space to suspend a 
barometer ; and, of course, all that is stated regarding the baro- 
meter as a weather indicator, applies to the aneroid so far as a 
single observer is concerned. For com&rixd ooaervations accu- 
rate mercurial barometers a/re mdispemable. 


Vehii'Ioation oe Baeombteks. 

Before barometrical observations can be of any real use for 
scientific purposes, there must be satisfactory evidence that the 
errors of the instruments used have been properly ascertamed and 

“’^Kortin’s barometer should be carefully compared wit^, a Stentod 
recognised standard. The difference will be the constant correction baxometew. 
whiSi is to be applied to its reading, and -will mclude the error ot 
graduation combined with the error arising from the capiUary 
action of the glass tube upon the mercury, see p. 29. In some 

certificates, however, these two corrections ^e given separately. 

The inches laid down upon the scale should ® 

standard scale. This is the plan foUowed at the Kew Obser- 

work of much more time to test the “ Kew ” barometer, baro 

since it is necessary to find the correction for scale readmgs eaA 
half inch throughout the range of atmospheno pressure to which 
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Testi]^ *^Kew 
barometers. 


Defects of or- 
dinary baro- 
meters. 


it may be exposed ; owing to the fact that the inches marked 
are not true inches ; and it becomes necessary to have recourse to 
artificial means for changing the pressure of the atmosphere on 
the surface of the mercury in the cistern. 

At the Kew Observatory the barometers to be thus tested arc 
placed, together with a standard, in an air-tight chamber, con- 
nected with an air pump, so that, by partially exhausting the 
air, they can be made to read much lower than the lowest pressure 
to whicl^ marine barometers are likely to be exposed ; and by 
compressing the air they can be made to read higher than the 
mercury ever stands at the level of the sea. The tube of the 
standard with which they are compared is contracted similarly 
to . that of the marine barometer, but a provision is made for 
adjusting the mercury in its cistern to the zero point. Glass 
wmdows are inserted in the upper part of the iron air-chamber, 
thro^h which the scales of the barometers may be seen ; but 
as the verniers cannot he moved in the usual way from outside 
the chamber, a provision is made for reading the height of the 
inercury, independently of the verniers attached to the scales of 
the respective barometers, by an instrument called a Cathetometer, 
At a distance of some five or six feet from the air-tight chamber 
a vertical scale is fixed. The divisions on the scale correspond 
exactly with those on the tube of the standard barometer. A 
vernier and telescope are made to slide on the scale by means 
ot a rack and pinion. The telescope has two horizontal wires, 
one fixed, and the other capable of being moved by a noicrometer 
screw, so that the difference between the height of the column of 
inercury and the newest division on the scale of the standard, and 
also ot all the other barometers placed by the side of it for com- 
parison, can be measured either with the vertical scale and vernier 
or with the microineter wire. The means are thus possessed of 
testing barometers for mdex eiror in any part of the scale, through 
he whole range of atmospherical pressure to which they are likely 

practice is to test them at every half 
mch from 27-5 to 31 inches. The errors detected include not only 
the mdex error but the correction for capillarity, p. 29 

constructions have 

been tested, and some found to read half an inch, or more, too 
bgh, while others read as much too low. In some cases those 
ich were correct m one part of the scale were found to be 
several tenths of an mch wrong in other parts. In some the 
to descend lower than to about 29 inches, owing 

harL^Sl^.ji construction of common 

tS no# large enough to hold the mercury 

JrSrl atmosjphencll 

Conditions for Barometers enforced at Kew 187fi 

for instruments required for the Meteorological Office ’ 

^ ±or Barometers professing to he Standards.— kYi of which tho 

iejetter^'' are 
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For Marine Barometers.— k\\ aro rejected of which the index Conditions for 
error at the ordinary presaure is greater than 0*015 inch, or the 
capacity error greater tlian 0*004 inch, or tor which the mercury 
takes less than Z, or more than 6, minutes to fall from the height 
of 1*5 inches to that of 0*5 inch above the present pressure. 

This latter condition is to ensure the efficiency of the contraction 
aB a proviBion against pumping’’ (p. 19)? as well an to prevent tlio 
danger of the barometer being too sluggish Iroin over contraction. 


COERBOTION OF BaUOMF.TMCAL OBSERVATIONS. 

We have already mentioned the fact that corrections must bo 
applied to all barometer readings, in order to bring the mdioations 
of different instruments into harmony with oach_ other, beioro they 
can be used for scientific purposes. Some of these corrections 
have reference to the special instrument, while others aro si^ipliea 
to the reading of any instrument taken under the saine conditions. 

The corrections of the former class aro three in number 

I. Index error. 

II. Capacity. 

III. Capillarity. 

Those of the latter class are two : — 

IV. Temperature. 

V. Altitude above the sea level. 

I. Correction for Index Error.— This is a])pliod accord- 
ing to the errors discovered in the individual instrument when 
verified as explained at p. 27. It may be cither additive (+) or 
subtractive (— ). 

II. Correction for Capacity.— In barometora possesaing 

closed cisterna with a scale of true inches engraved on the case, 
there is a certain height of the column which is correctly njea- 
sured by the scale. When the mercury sinks below this position, 
called tuo neutral points the level rises in the cistern above the zero 
of the scale, and then the height read off must al ways be too great. 
When the mercury rises above the neutral point the level m the 
cistern sinks below the zero point, and the reading h too amalL 
On the scale of such a barometer the maker should mark the 
neutral point, and state the ratio of the interior area of the tube to 
that of the cistern thus : Capacity -,jV- tlieso data, the 

corection for capacity is found by taking a 60tli part of tlio differ- 
enco between the height read off and that of tlu^ neutral ]) 0 int, 
adding it to the reading when the (‘.olumn is liigher, and subtract- 
ing it from the reading when it is lower, than the neutral height. 

It will bo remembered that Fortin’s and syphon barometora 
require no correction for capacity. 

III. Correction for Capillarity. — The indications of 
barometers aro affected by the capillary action between the glass 
tube and the mercury, the effect of which is constantly to depress 
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the mercury by a certain q^uantily nearly inversely proportional 
to the diameter of the tube. 

The correction, therefore, is always additive. 

^1^ depression is greater in tubes in which the mercury has 
not been boiled (p. 16) than in those which have been subjected to 
this process. 

The following table from the Eeport of the Committee of the 
itoyal Society on Physios and Meteorology, 1840, gives the cor- 
rections to be applied to English barometers. It takes into 
accost the diameter of the tube, but not the variations of the 
coi n mn ” rneniseus, i.e. the conveadty which terminates the 


Temperatoie 

coirectioii. 


Diameter of Tute. 


Correction for 


Unboiled Tubes. 


Boiled Tubes. 


fumwhed from Kew Observatory for all baro- 
meters verged there, give the results of direct readings of the 
column at Jfferent heights, and so include the threnf^ections 
above mentooned, in so fer as any of them are aSabl? to Z 

special barometer under consideration. " * 

of the length of anvobiect^t!!v^*”^’+° taking any accurate measure 

is 32",ana 

meter is at a temperature helnw < 1 9 ° terms, when the baro- 
and when it is above 32° it is subtraltivrclT'' '' 

changes from Tlo - at ttr+l correction 

given at p. 80 rives ne<rtti^e 2.7T T 
The tLperSro^trwl 

(p. 15). 
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give as accurately as possible the true temperature of the actual Temporatare 
column of mercury. correction. 

The pressure is given in the table for each half inch from 24 to 
31 inches^ as of course the correction depends on the length of the 
column of which the temperature is given by the attached ther- 
mometer. 

In consequence of the great risk of the heat of the observer’s 
person affecting the thermometer attached to the instrument during 
the process of taking a reading of the barometer, the attached 
thermometer is always to bo read first of all, before the reading 
of the barometrical column is made. 

Correction for Altitude, or reduction to Sea Level — As the Altitude 
barometer measures the pressure of the atmosphere, it is evident 
that if that pressure be increased or diminished, the length of the 
barometrical column will become greater or less. If wo suppose 
the air to be homogeneous and to rest on the surface of the earth 
as an outer shell of uniform thickness, it is evident that if wo 
ascended a mountain there would be a less thickness of this shell 
of air above ns, and therefore a less pressure, and vice versd if wo 
went down a mine there would bo a greater pressure. 

Accordingly, as wo have seen that the barometrical readings 
must be reduced to a standard temperature, to make them intor- 
comparable, they must also ho reduced to a standard level, and 
that is the mean level of the sea. For the British Isles the mean 
sea level at Liverpool has been selected by the Ordnance Survey 
as their datum. It is always host to dotennino the altitude of a 
station by reference to the nearc^st ( )i’dinin<‘.o Biuudi Mark. 

The problem of correction for altitude is, however, not so 
easy as would appear from what has just been said. For sim- 
plicity we shall deal only with heights above sea level, as by 
far the most important to us : — The difference in pressure for 
which the correction has to bo applied is for the heights of the 
vertical column of air which would extend Irom the level of the 
station to that of the sea. But tho weight of tluH column 
differs according to its tom peraturc, being greater if tho air is 
cold than if it is warm. Wc must theredbn^ take into account 
the temperature of tho air at tho time, and Table 11., p- 84, 
gives the corrections for every ten degrees, from —20® to 100^ 
which are about the limits within which barometrical observations 
are usually made. Tliis temjxjraturt^ must bo taken from the dry 
bulb thermometer, not from that atiacliod to the baroim^tcr. 

We see also from tho explanation of tho table given at p. 80, 
that as tho formula enables us to find tho ])r<)portion which tho 
pressure of the atixiosphore at the upper station bears to tliat at 
the sea level, the correction will vary according to tho amount of 
that pressimo^ at the sea level, so that two tables are given for the 
extreme limits of pressure which are likely to occur at tho sea 
level, viz,, 30 and 27 mches, and tlio corrections for intermediate 
readings must be obtained by intcipolation. 

Specimens of the mode of correcting and reducing barometer 
readings are here subjoined. 
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CoE^oa of . Firstly, if the barometer has a Kew correction, as this includes 
the corrections for index error, capacity, and capillarity, we pro- 
ceed as follows : — 


Suppose iJiat — 

Barometer reading • = 
Attached thermometer 
Kew correction for "I _ 
instrument - J 

Temperature of air by 1 _ 
^ bulb - - j 

Altitude, of cistern 1 


above the mean sea 
level - - - J 


1 - 


29*946 ins. 
68 ° 

+ *014 in. 
50° 

106 ft. 


Then we have — 

Uncorrected reading 

Add for KeV correction 

Reading 

Deduct temp, cor- 
rection for 68° and 
80 ins. 

Reading at 32° F. 

Add for altitude of^ 
105 ft. at temp, of J 
mr 50° and approx^ 
imate pressure at sea I 
level 30 ins. - J 




29*946 ins. 
+ •014 

29*960 

-•106 

29*854 

+ •116 


Reading corrected and I 
reduced to 32° F. at I » 29*970 ins. 
Mean Sea Level - J 


Secondly^ if the, barometer requires all the five corrections above 
enumerated. 

We have then the following data : — 

Correction for index error of instrument = + • 006 in. 

Capacity correction =-^, neutral point being 29 ins. 

Capillarity correction == +*002 in. 

Altitude of cistern above sea level = 200 ft. 


Let the reading of the barometer be 29-812, and of the attached 
thermometer 63 , whale the temperature of the outside air is 60® 
i nen we have : — 


Barometer as read off - - 

29-812 ins. 
+ -002 

Add for capillarity - - . 

„ „ capacity 

;8l2x.^ - - 

+ -016 

“ index error 

+ -005 

Subtract for temperature of 
■attached thermometer, 63° 

29-835 

barometer being 29-8 ins. - 

- -092 

Eeading at 32° F. - - 

Add correction for altitude of 200 
feet (temperature of air being 
60°, and approximate pressure 

29-743 

at sea level 30 ins.) 

+ -216 

Reduced and corrected readino- 

& 

= 29*958 ins. 
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Barometric Measurement of Heights.— It is scarcely Measurement 
necessary to say that the same principles as enable us to as- of heights, 
certain the barometrical reading at one level from that at another, 
when the relative heights of the two stations are known, will 
enable us conversely, to determine the difference of height between 
two stations if we Imow the barometrical readings and the tempera- 
ture ti^.ken at each. In other wordsy toe can determine the height 
of a mountain by barometrical readings taken on the summit and 
at the sea level. 

These readings ought to be taken at the same time^ because it 
is not likely that the pressure and temperature of the air will 
remain unaltered while the ascent is being carried out. 

There is a very important matter to be taken into consideration 
in respect of these calculations. The barometer is not at the 
same height atj the sea level all over the earth’s surface at any 
time, and even over the limited area of the British Islands the 
mean barometrical reading varies considerably, from 29-811 ins. at 
Naim to 29-982 ins. at Plymouth (QuarterlyAV cather Eeport, 1 870, 

App. 11. p. [10]), while on individual days the differences of pres- 
sure may be far greater, amounting to an inch or more. Accord- 
ingly, as for stations in the interior of a country it is impossible to 
take a reading at the sea level in the immediate neighbourhood of 
the station whose level we have to determine, and we have to employ 
the means of a series of readings at the two stations, in order to 
avoid the risk of error from sudden changes of weather affecting 
the barometrical readings, wo must not expect that the ascertained 
heiglits of the same mountains referred to different sea-coast 
stations will agree exactly with each other. 

Hence wc hoc that in the case of the barometrical measurements 
of elevations in the interior of continents, or of the heights of 
really higli mountains, there are several eleinonts of greater or 
less uncertainty, and accordingly such determinations cannot be so 
trustworthy as those for moclcrato elevations and for slight 
distances from the sea coast, which arc all that is required for the 
purposes of barometrical readings in these islands. 


34072 . 


0 
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Thermometer 

scales. 


THE THERMOMETER. 

Geneeal Desceiptiost op the Ihstettment. 

The thermometer consiate of a long glass tube, of very small 
bore, closed at one end and blown out at the other into a bulb or 
reservoir, which is filled with mercury or some other liquid Tho 
temperature to which the instrument is exposed from time to time 

measured by 

- * Ifgth of the thread of hquid which extends from the bulb 
mto the tube. 

There are two points on the scale of a thermometer fixed bv 

water boils, aiiS 

that at which ice be^ns to melt. These are caUed respectively the 
bo^ amd the freezing pomt ^ The scale is divided iJto %rL. 

In the t^rmometer which is used in England and its colonies 
md m the XJmted States, namely, that designed by Fahrenheit 

oegrees. ine point at which ice melts is 32 deo“reefl nnd +Virt 4 - 
fl/de^eir^'' barometer is at 29-905 inches,* ia 

In the Centigrade thermometer (designed by Celsius^ tho 

same fixed points is divided mto 100 degree^s 
iue pomt at which iCe melts is 0® anrl thai- »+ i. 

wbm^e barometer is at 760 millimetresjs 100 detrels "" 

point have a “^^^"d^^refeed freezing 

R. indicates 10° below ^ ~ 1<>° C. or 

or Reaumur scale. point on either the Centigrade 

the freezmgpSL^so^Jl2°tK“°^Ug® degrees below 

temperatures occurring in the TTm’+oii tr- seldom used for 

and Celsius scales ^fe“t - 4o” ^’^hrenheit 

_ Of these scales, Reaumur’s, which was tx. i 

IS now rapidly felling out of ,7«r J common, 

adoption of the Centigrade system ’ general 

occasionaUy met with,’ it is weU^o W^'tw'u and 

convertmg readings according to one following rules for 
either of the others. ^ ° readings according to 

boiling point is 


or 

the 
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To convert Fahrenheit readings to Centigrade. 

Subtract 32 and multiply the remainder by - 

e.g. 68°P. = ( 68 - 32) x | = 20° C. 

To convert Fahrenheit readings to Reaumur. 

Subtract 32 and multiply the remainder by g 

y 

c.y. 68°F.=( 68-32)x|= 16°E. 

To convert Centigrade readings to Fahrenheit. 

Multiply by | and add 32. 

To convert Reaumur degrees to Fahrenheit. 

Multiply by ^ and add 32. 

To convert Centigrade to Reaumur. 

Multiply by 

To convert Reaumur to Centigrade. 

Multiply by | 

Tables VL-VIII., pp. 96-103, give comparisons of tho various 
thermometrical scales in use. 

The thermometers used in meteorological observations arc of 
various kinds : Standard Thermometers, Ordinary Thormomoters, 
Registering Thermometers, Self-recording Thermometers, and 
thermometers fitted for special purposes, such as Radiation 
Thermometers. 


Standaud Tiihiomcombtees. 

A standard thermometer is a thonnoinoter luado with especial 
care, and is employed for tho purpose of tcHtiug from time to 
time tho accuracy of tliermom(»toi‘H uwtd for ordinary obsorvationH. 

Tho air thermometer is theoretically tho most perfect standard 
instrument for tho determination of temperature, but we need 
hardly mention it as it is not suited for use in ordinary meteo- 
rological observations. 

Under those circumstoincos, it is hardly necessary to say 
that standard thermometers aro usually mercurial, inasmuch as 
between the two fixed points on tho scale to which allusion has 
been made above, and for a considcirable range on cither side of 
them, the expansion of mercury is almost absolutely uniform. Tho 
tubes themselves arc soloctisd with great care in order that they 
may bo of uniform boro throughout, and that tho size of tho bulb 
(which is usually elongated) may be so proportioned to tho <aUibro 
of tho tube that a good open sciile may be provided, as well us an 
extended range. 

Every observatory of importance should possess one of these 
instruments, which should range from a point lower than any 
which is likely to occur in the severest frost, up to the boiling 

o 2 • 


Thermometer 

soalos. 


Standard 

thormometorn* 
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point of water * in order to afford the possibility of testing at any 
temperature the themometers used for ordinary obserVations. 
However, in placra Ikbk to very extreme cold, such as occurs 
m -Dnush jNorth America, mercurial thermometers are not 
capable of indicating the lowest temperatures which arc ex- 
w mercury freezes at the temperature of 

tor’”™”-'''”* “ “ “ “ 

Constructidn of Standard Thermometers ^All stan 

to b, iXS.% of aw 

mometers to read too high and this defr/fi ^ ***°’^" 

<fllcd «the displacement of zL >> aS? ^ thermometer is 
the bulb ceases to ahrtTiV nrift +V," • time, howovctr, 

are thenceforward constant «i<Jteation8 of the instrument 

roi^bSrs'xfirb‘i"‘.“¥” ”■«“»- 

•ompmroi^tbthna.i lbii^J’* *>' *k« P<«TO»« of 
« Vorifloatioi,. ITif «»• fte obwoTOtio,,,. 

“«“»«»■ !»ft««>jnetewlogiSlCSLnte”f »°f „r 

of thdp aoootaoy » oortBoato 

some recognised scientific estabbshment^*® scale as determinod at 

the addition to the cost of thl • ^ ; 

quite out of proportion tn +K instrument is very slight and 

Tho ^ 

from 32» to 92°, but if reauiSr^S • T ton degrees 

higher or lower temperatures. ^ ^°®trument can bo tested at 

the use of the MeteOTolorfra/office Kew for thermometers for 
meters are rejected fo7S tt 1 ? follow .—All thomo! 

.greater than 0"-3 Fahrenheit S «ny point is 

These should Thebmombters. 

below the lowest to a littl^r^ and range from rathe.. 

BritiTi locality wh^r J^thev temperatures to bo 

Thus in tSo 

t m more extreme climates + 1 ,^. to 100° is arnnlr. 

tjS'SS* »« ‘O.Z’ti 

cases even 
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down to the freezing point of mercury, and spirit thermometers Thennomoter 
should be kept for use during the coldest period of the year, range. 

All thermometers, without exception, should be graduated on 
the stem, and should possess a certificate of verification as already 
explained, Owing to the very general prevalence of the defect 
already referred to, the displacement of the zero, which only 
betrays itself after the lapse of some time, it is advisable, at least 
once a year, when opportunity offers, to determine the freezing 
point of water on the thermometers by immersing them in melting 
snow or ice as directed in the text books. 

It is also necessary that great care should he falceii to 
ensure that the quality of the earthenware, or other material, used 
for the slab to which the thermometer is attached, should ho 
thoroughly good. If the earthenware be not properly glazed 
it is likely to absorb moisture, and then, when frost occurs, it 
becomes disintegrated, the surface scales off, and the whole 
becomes utterly useless. 

Ebqistering Tiiebmometeiis. 

These are thermometers which are provided with an arrange- 
ment which enables us to ascertain what has boon the highest or 
lowest temperature to which they have Imon exposed in a given in- 
terval of time. There are a great many types of such instruments, 
but only a few of these, which are in general use, will be described. 

Under ordinary circumstances these instniraents are read once iroma of oV 
a day. ^ The observing hour ought to bo midnight, if wo wish to sorvationof 
ascertain the high((st and lowest temperatures experienced during 
the civil day, but as a midnight observation is not possible at 
ordinary stations, the Vienna Congress decided to rcoonanioud that 
these readings should be taken at the latest observing hour of tlie 
day. This hour is accordingly 9 p.in., for the British Isles, as will 
be seen by reference to p. 75. 

Ma a d m i im Thermometers.— There aro two kinds of 
maximum thermometers, which deserve nearly equal commenda- 
tion, riiillips’ and Negrotti luid Zambra's. 

^ In Phillips’ thermometers the iiidex is formed by a small por- Phillips’ 
tion of the mercurial column, separated from the main thread by Maadmum 
a minuto air bubble, and is pushed on before the column when 
it expands, but docs not return with it wlion it contracts. It 
therefore rests at the extreme position to which it has advanced, 
and the end furthest from the bulb registers the highest tempera- 
ture which has been attained. Thus the maximum temperature 
recorded by the instrument shown iu Fig. 8 is 78®. The chief 



objection to this form of thermometer is that in some oases 
the bubble of air is displaced, and the instrument then loses its 
registering properties and becomes an ordinary therntoractCl'. 
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Negretti^s 

Mfl-riTrinTn 

Thermometer. 


C^ella’s 

Mmimuin 

Thermometer. 


Butherford’s 

"■r* • 

imem 

'^ometer. 


The plan of Negretti and Zambra’s thermometer is simple, and 
Iter. instrument is less liable to get out of order than the precedinff- 
For these reasons it may be considered preferable for ordinary use 
The registration is effected by the mercurial column itself in the 
following manner : — The bore of the thermometer tube is reduced in 
action close to the bxdb in such a way that while the expansion of 
the mercu^is sufficient to force the Hquid past the obstruction, the 
whesionofthe metal is insufficient to draw it back again when 
the temperature falls. ® 

Accordingly, if the instrument be set on any day so as to agree 
TOth an ordmary thermometer, and be examined after a time, when 
+T.! “s®n above that which was prevailing when 

Je^ttingtpok place but which does not stiU e^st, the Snount 
mercury m the tube above the contraction •v^ represent the 
precise amount of mercury forced past the contraction when the 
^perature was highes^ md thus wiU measure that temperature. 
KAfn should be slightly inclined, bulb downwards 

n order to set this thermometer, it should be held hnlK 

ot ^pt. bdAmiig p,ooo„ 

thf instSment T he 

worthy, as some 1(7. t2Lv mL bf T 

contraction when the temperature S ^ 

momeS’oSsrtmd'^ach ® "®g“tcring ther- 
at a certain ang^rw^h tSw 

zontality, but still it'is ne^essarv slightly from hori- 

the predse position in which fL • V <=fial and error 

its functions. instrument will best discharge 

of 

Butherford’s. country, CasoUa’s and 

in wSitCe°v2y^oVterp^^^^ be used 

and accurate in its fodicationf bS I*'® delicate 

management that it is ZnlT’ bjit . requires so much care in 
for ordinary use. We SdU fcf^'**®** be but ill-adapted 
hut refer the reader to the mof ^ describe it at len^ 

principle. ^ ^ *be makers catalogue for an account ofS 

whoselS^'^S ^STan^^^o'Ss w'if thermometer 

ana moves with a little difficulty in the 
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tube. It is entirely enveloped in the spirit, and the action is as Ruiiiorford’s 
follows : — . Minimum 

The index is allowed to ran down to the end of the column by 
sloping the thermometer with the bulb uppermost and when so sot is 
placed in a nearly horizontal position. If the temperature rises the 
spirit flows past the index without disturbing it. If, however, the 
temperature falls below that at wliioh the instrument was set at 

Fio, 9. 



starting, the force of capillary attraction between the spixut and the 
index is such as to preclude its leaving the index dry, and accor- 
dingly this is drawn back with the spirit, its upper end being always 
flush with the extremity of the column while this is recoding, and 
ultimately marking the lowest temperature reached by the column, 
as when the temperature rises the index is left behind again. The 
minimum temperature shown by the instrument in the figure 
is 17". 

These thermometers are liable to a serious defect, owing to Defects of spirit 
the fact that a portion of the spirit becomes volatilized and is tlu^n tliermomctorH. 
condensed in the upper end of the tube, so that the coutmuous 
column is curtailed by a length of perhaps several degrees. I t is 
to this liability to error of spirit miniimuu tlicrmometorB that Homo 
of the extraordinary discrcpancieH in reports of Bovoro cold arc 
probably to ho attributed. 

If a spirit thermometer roads lower than a correct mercurial 
thermometer close beside it, there iw reason to suspect the oxist- 
onco of the defect above mentioned. The spirit is also liable to 
become broken into several detached portions, c^Hpooitilly if the 
iiiHtrumont is being truTvsniittcul from place to i)laco ; or the index 
may bo shaken entirely out of the spirit into the upper j>art of the 
tube. In all these cases the thennometor should bo swung 
briskly to and fro s<wcral tunes, holding it bulb downwards, until 
all the lifpiid which may have been visible at the upper end of 
the tube shall have been dislodged. The instrument should then 
be placed in an upright position, bulb downwards, and left there 
for half an liour or so, '^riiis treatment will usually have the 
effect of restoring to the instrument its correctness of indication. 

There is a great differenco between mercury and spirit with Sonsibility of 
regard to sensibility, tlie former liquid having a much lower 
specific heat and much liighor conductivity tlian tho latter. ^ ^ 
Accordingly a spherical bulb filled with spirit does not indicjato 
sudden changes of temperaturo with nearly the same rapidity as 
one filled with mercury. This defect is obviated by making 
the bulb of tho thermometer of such a shape that as largo a 
surface of the spirit is exposed to the action of tho air as 
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posable. V^ous patterns of minimum thermometers with forked 
r cjlmder shaped bulbs, &c., have been brought out, which are 
as mercuric thermometers of the ordinarv form 

Self-eecobmitg Thebmombtees. 

Themographs.. Jnrious methods have been proposed for adapting to thermo- 

of the observers!' 

As soon as contact of the mercury, 

and a record is obtained w‘ ’ ^ o^octric current is set up 
contact is broken the 

at their observatories Si: 7 5^?t®"ological Committee 
In this instruTeSS '1 ?eP°^t for 1867. 

and this moves up SXwn tSf the°t 

the bulb on afeU of tempOTatLi^‘‘^*‘®“ towards 

the space^occu^eTby^Si'^lir^ blibbl?^^^^ “ photograph of 

thiDngli is allowed to 

that the length of the^nhotnoTIv mercury, so 

height of the thermometoteaJ SS 'jith the 

what similar to that in use in the Ke^' 

Thebmometbe Exposuee. 

<hfficult ^estioL°L*MeteoroIotv one of the most 

satisfactory solution of it In &!+ ^+>!^ we are as yet far from a 
are so liable to be affected bv other^fnfl^^*^’”^® f thermometers 
mere temperature of the air tL?” '“^“ences than that of the 

some of these agencies to Sse tho'inT 
^ It may be al^umed as cE sti-uments to others. 

^o™ometers which will suit an •*^®7®°‘^!tions of exposure 
Bntish Isles, will not sidf « 1 like that of 

Capada or India. ^ extreme climates like those of 

sure of their thermomeTer™k!,1;*^7^^^ perforce adopt the expo- 
eters m a simple screen attached to the wi 
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of the house, where the instruments can be read through a window 
without the necessity for the observer of going out of doors at 
each time of observation. This inetliod is only a make-shift, but 
the choice lies between such observations and no observations 
at all, 

Stevenson’s Screen. — It is unnecessary to remark that a fme Thermometer 
exposure, whenever the same is attainable, is by fir the best for exposure, 
thermometers, but there is a great difiereuce of opinion as to the 
precise form of screen which is best suited for adoption. On the 
whole, for use in the British Isles, Stevenson’s screen seems to be as 
good as any hitherto proposed, though it too is capable of improve- 
ment. This form of screen i-s shown in Fig. 10. The louvres are 
double, sloping in opposite directions, so that while there is access 
of the air to the inside, the radiant heat and rain arc effectually 
excluded. Its chief defects are its small size, and its liability to bo 
choked occasionally by drifting snow, owing to the closeness of 
the louvres which form the sides, which also checks the free circu- 
lation of the air round the instruments. 

This screen should be erected on legs 4 foot liigh, and should 
stand over grass on open ground. It should not bo under the 
shadow of trees nor within 20 feet of any wall. 


Fig. 10. 
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screen. q)ace for a free standing screen cannot be obtained, and it has the 

™ j approach to accuracy. It is also 

the meAod adopted on board ship. A small covered case, Fi<r. 1 1 

“ possible. In such a position it cannot receive the 
^ect rays of the sun m these latitudes, except for a few hours in 
“ornings and late evenings in summer. The screen 
sbould be fixed on holdfasts so that there may be a space of 
between the back of the screen and the waUj care 
aKmv? *’« *aken that there is free circulation of the air 

screen md that there are no walls or other objects m 
front wkch could reflect much heat to the instruments. The 

SiLf carefully sheltered from the sun’s rays. The 

readings of thermonaeters so exposed are found to differ from 0° 

® instruments exposed in a Steven- 

nsfiff V ground In fact this screen should never be 


Fio. 11, 



A wall exposure of some sort or other ^ i 

weate, .ad again., „f ten-polSr^oCwS^dlK 
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ances will be introduced which may seriously interfere with the 
correctness of the record. 

It is evident that the necessity of arranging the thermograph 
so as to correspond to some floor of a building precludes the possi- 
bility of being able to ensure that the bulbs shall be in all 
places at the same height above the ground, as it is not possible 
to erect special buildings for meteorological observatories at all 
stations. 

Sling Thermometer ( Thormomitrefronde of the French). — ThermomUtrc 
In order to meet this difficxflty about thermometric exposure, it has 
been suggested to dispense with the use of screens altogether, and 
to measure the temperature by moans of a thermometer attached 
to a string, and swung round for about half a minute. By 
this method, even in full sunshine^ a very close approximation 
to the tnie shade-temperature of the air may be obtained. This 
mode of determining temperature has not as yet been much used 
in England, but it seems advisable to mention it in this place. 


Eabiation Thekmometers. 

Practically the sun’s rays are the only source whcmco heat Radiation, 
reaches the earth's surface, and Eadiation from the earth into space 
the only mode in which heat is again lost. 

Any attempt to measure the intensity of these two forces must 
therefore bo regarded <l priori as of the grcatcist importances to 
meteorology- In practice, however, the irrcgulariti(^H arising from 
the distribution of heat by winds greatly complicatxb the problem 
of doduciing the climatx^ of any place from the r(dativo effects of 
Solar and Terrestrial Radiation, especially in insular i)OsitionB. 

It is only in the interior of great continents that any great 
degree of regularity in the climate occurs, bccaiist^ there alone are 
the changes, in the main, directly due to Radiation. 

Furthermore, as meteorologists have generally contented them- 
selves with observing the climate actually produced in prefenuico 
to troubling themselves with any attempt to gauge the forces 
which produce it, it will not ho surprising to find that the solution 
of any such problem as that indicated seems almost indefinitely 
distant 

Scarcely any of the mothods employed for measuring solar or 
terrestrial radiation arci thoroughly satisfactory. 

Solar Radiation. — The best iustruniout hitherto brought SolarKadiation. 
into use for measuring solar radiation is known as tlm blackened 

bulb thermometer m vacuor It consists of a semsitive thermo- 
meter (which is usually a maximum thermometer, for conv(micnoo 
of registration), having the bulb and one inch of the st<^m eoah^d with 
dull lamp blaok.^ The wliole is them onclps(Hl in a glass tulx^, of 
which one end is blown out into a bulb of about 2-26 ins. diameter, 

* Tho object of coatin^^ part of the stem is to prevent the temperataro of the 
blackened bulb being lo'wered by contact with the cooler glass of tlio unblackenod 
stem. 
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SolarBadiation. fencIdiBiiig the bulb of the thermometer, which is fixed in its centre. 

The glass jacket, so constructed, is then exhausted of air by a good 
air-pump and permanently closed. 

It is evident that as the action of this instrument depends in 
some measure on the completeness of the vacuum, it is not sufladcnt 
simply to test the thermometer which is to be enclosed in the 
envelope. It is necessary to have some independent method of 
gauging the amount of rarefaction which has been attained. This 
maybe done in various ways : Messrs. Negretti and Zambra intro- 
duce a mercurial pressure gai^e into the vacuum, while Mr. Hicks 
has soldered platinum wires into the glass (Fig, 12), and tests the 
state of the vacuum by the passage of the electric light. 


Fig. 12. 



The instr^ent is then freely exposed to sun and air bv fixina 
usually directed to the SlE. ^ 

IfeSettirScfrk*rn"^r-^®^ be a maximum thermometer on 
Terti^l position Lh^fhe bulb uppermSt ^ 

heat produced by the direct rav« nf +1, *®'bhshed between the 

that of the outer iacSt ra? . temperature of equihbrium over 
that of the outer air is a rlns^l measure, and its excess over 
which the sun’s rays IcthrSoST”'"? Vovrev 

bulb; hence, the foUowing^i^structmsT-l^''^ upon the 


Enles for ob- 
serving. 


tionthenuometer, by the solar radia- 

tte «r ia th. -hadeS tt ot 
greatest 

fe Saf aSo'Sto *’’? *’’?'='= ‘'"‘b 

bright, and to register the difference bet but with its bulb 
two instruments. ^tteience between the readings of the 
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The result obtained by these readings is quite irrespective of the 
duration of sunshine^ or of the sun’s altitude. Both of these ele- 
ments must be taken into consideration before the eifect of solar 
radiation upon climate can be traced. The sun’s altitude is of 
course knovni, but some good method of recording the duration of 
sunshine, or the total amount of heat received, is much needed. . 

Terrestrial Radiation. — A.11 objects exposed to the sky Terres^ai 
radiate heat towards it. If the sky be overcast much of the heat l^adiation. 
thus radiated is returned, as the clouds, though generally colder 
thau objects on the earth’s surface, axe very much warmer than 
space. Even if the sky be clear the vapour contained in the 
atmosphere has the power of retarding the escape of heat from 
the earth, consequently a dry climate is by far more favourable 
to radiation than a damp one. 

As the effect of terrestrial radiation is most marked where the 
disturbing influence of wind is least felt, it is usual to place a 
thermometer intended to measure radiation upon the ground. A 
piece of good lawn grass is selected and a sensitive minimum 
thermometer suspended over it on wooden Y’s, at the height of 
from one to two inches above the soil, so as to touch but not 
be buried in the blades of grass. The defect of the temperature 
so registered, below the minimum in the air, is taken as the 
amount of terrestrial radiation. 

The indications of a thermometer so placed are much influenced 
by the temperature of the soil, from which it is more or hjss 
insulated, according to th(3 length and thickness of the grass 
interposed, so tliat a thermometer over long grass reads lower 
than one over shorter grass, in the heat of summer as well as in 
winter. In severe frost, if the ground be not covered with snow, 
a thermometer placed upon short grass will fall very little below 
the temperature of the air, on account of the heat received from 
the soL For this reason, whenever snow is lying, the radiation 
thermometer should be placed on its surface. 

Moreover, it is found that a lower temperature is usually 
marked over a large grass plot than over a small one, because 
the cold air resting on the latter is liable, at the slightest breath 
of wind, to be replaced by that which has been resting on some 
surface which is a less powerful radiator. 

Where no grass can be obtained the thermometer should be 
placed on a large black board laid upon the ground. Under any 
circumstances a board gives a bettor moasuro of terrestrial radia- 
tion than grass ; a small groove maybe cut in it to receive the 
bulb and prevent the thermometer from rolling* 

It is much to be desired that some convenient method should be . 
devised by which correct and comparable observations of radiation 
may be secured. 
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Direct Hygro- 
meters. 


HYGROMETET. 

General DESoErpiiON oe the Instrument. 

amomt of hjOTometers, the observations of the 

^ 

DaSpr^^I instruments for direct observations are 

nffltli both of . which require the employment 

of ether to lower artifieiafly the temperature\f the instSS 

Hygrometer consists of two bulbs conneotfwl 

which has been made to boU when the instrument was sedS sn 
sM^way to° Woulstonf Syo^ra^SiTa SertS of tlm'' 

wKaU observation is the foDowino--_The 

whole of the ether is caused to enter the black bulb and“a littl« 

ring of minute globules of wX TT,^ ^ fonuation of a 

Se “f Se^lh^oIe^^^pTsi 

bottom of the silvered tute whde tbl oS * 

withdraw the ether vapour f?om 'the^tube ’ “leans, 

the remaining contents^ of the tube falls quicBy and^SSlt f 
the vapour present in the air besins to Kp j ultimately 

as soon as t£e dew point f r^S ““ the sUver 

tUs pimomenoB tJes pl^e is iDdiokted b. Sh'“‘“'' ’* 
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There are two great classes of hygrometers, viz., organic 

hygrometers and the psychrometer, or wet and dryhtdb hygrometer. 

Organic hygrometers are instrunaents which indicate the amount 
of moisture in the air by the behaviour of some organic substance. 
Thus cords contract in wet and stretch in dry weather- The 
only hygrometer of this character worth notice is Saussure’s hair 
hygrometer, which shows the humidity of the air by means of the 
alteration of length of a hair. Hair, conversely to cord, stretches 
when it is moist, and contracts when dry. This instrument is but 
little used in these islands, but as it has been generally recom- 
mended by the Vienna Congress, for use in extreme climates 
when the indications of the psychrometer arc either uncertain or 
entirely astray, it seems necessary to allude to it here. 

Wet and Bay Bulb Hygrometer.— The psychrometer 
of August, or as it is usually called in this country, “ Mason's,” 
or the wet and dry bulb, hygrometer, is by far the most convenient 
instrument for use under ordinary circumstances. This is repre- 
sented in Tig. 11, p. 42. 

The instrument consists of two thermometers, the bulb of one of 
which is coated with muslin and kept moistened with water. The 
principle of its action is that, as long as the atmosphere is not satu- 
rated with vapour, evaporation will take place from any free water 
surface, such as the moist coating of the wet bulb. If then the 
air be saturated, no evaporation is possible, and the two ther- 
mometers, the dry and the wot bulb, will road alike. If the air be 
not saturated, the coating of the damp bulb will give off vapour, 
and the temperature of that tliermomcter will I'all until a certain 
point is reached, intcrmcdiatcj between the temperature of the air 
and the dew point ; below this tomperaturcj tlic wot bulb ther- 
mometer will not fall, unless the temperature of the 
air tails, or tho air becomes drier, but it must be re- 
membered that tho temperature of this thermomcticr 
will begin to rise again if tlio muslin coating of the 
bulb begins to got dry, owing to a didicmnt supply 
of water, or if the supply be too copious and t he 
coating too wet. 

The usual mode of rcgulai,iug the supply 
is to keep a small reservoir of water (dose to 
the damp bulb, and to establisli a comusxiou from 
the one to tho other, by means of a few threads of 
worsted or lamp cotton, as shown in tho figui^e. 

The worsted should be long enough to raicli a low 
inches below tho lowest part of tho bulb, and should 
be carried down so as to dip in the vessel of water 
when it will act as a capillary syphon, and keep 
the bulb constantly moist. 

The management of this instrument rc(iuire8 some 
special precautions. In tho first place, the covering 
of the wet bulb must be very thin, else there is 
danger that true thermic equilibrium will not bo 
established between tho outside of the coating 


Ti<i. 13. 
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meters. 


Wot and Dry 
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Management of where the evaporation is going on and the actual bulb. In the 
Mb^y^o- place, the supply of water must be very carefully regulated, 

meter. SO that the bulb shall be constantly moist, and yet not too wet. 

Accordingly we ought to have a more ample supply in dry weather 
than in damp, or we shall find that on a hot summer’s day the 
worsted becomes perfectly dry, and no longer acts as a syphon, 
the bulb itself becoming dry ; while if a suflBciency of water be 
provided to meet such an emergency, there will be a brisk drip 
going on from the damp bulb in damp weather, which is certainly 
wrong. 

The cup, glass, or other small holder of water ought not to be 
under or too near the dry thermometer. The little reservoir 
should be placed at some distance on the off side of the wet 
thermometer, that is, as far as possible from the dry, which 
shoij.Id not receive moisture from any source whatever. Of 
course if moisture be found on the dry bulb, this should be wiped 
and left for a while to assume the true temperature of the air. 
The water for the wet bulb should be either distilled or rain water, 
or, if this be not procurable, the softest pure water which can be 
had, to avoid the inconvenience of the deposit of lime, &c. on the 
bulb. The water vessel should be replenished after ^ or some con- 
siderable time before^ observing ; because observations are incorrect 
if made while the water is warmer or colder than the air. 

The muslin and worsted should be well washed before being 
applied, and occasionally while in use. They should be changed 
once or twice a month, or even oftener, according to the quality 
of the muslin, fee., and the exposure to dust or blacks. Accuracy 
depends much on the care taken for cleanliness, and a proper 
supply of fresh water. 

Moment The great difSciiity with the instrument is foimd at a time of 
frost. The water on the worsted freezes, and the capillary action 
IS at an end, so that the bulb soon becomes as dry as in hot 
wrather.^ If then the temperature be below the freezing point 
It is obvious that water cannot be placed on the coating of the 
wet bulb without raising the temperature of the instrument. The 
thermometer will not be fit for an observation until the freshly- 
a^ded water has become frozen and the temperature of the 
thermometer has ceased sinking. At such a time the evapora- 
tion will be going on from the surface of the ice, and the 
th^ometer will act in the same way as if it had a damp bulb 

This shows us, however, that in winter it is quite impossible to 
^mtam a constant supply of water to the wet bulb, and this 
torm of hygrometer is practically useless for self-recording pur- 
poses in cold weather. ^ ^ 


men the damp bulb is frozen it should be wetted, by means of a 
camel-hair brush or a feather, with some cold water taken from 
under ice, care , bemg taken to raise its temperature as little as 
possible. After waitmg a few minutes, the moisture will first freeze, 
then cool dow to the temperature of the air, and finally the ther- 
mometer will fall a tnfle lower than the dry one, and then the 
temperature of evaporation may be noted. 
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In time of hard and continued frost, if a coating of ice be 
allofi^ed to form on the coating of the damp bulb, this will remain 
for several dajs before the bulb will become dry again. 

In some rare cases, e.g. during thick fog or in very cold calm 
■weather it may sometimes happen that the wet bulb reads above 
the dry bulb. This arises from the fact that when there is no loss 
of heat by evaporation its muslin coating prevents its indicating 
the temperature of the air as correctly as the unprotected btilb. 
In such cases the readings arc to be considered as identical with 
each other, the air being perfectly saturated. 

The theory of the psychrometer has been very thoroughly in- 
vestigated by Prof. Apjohu (Trans. R. I. A., Vol. XVII.), who 
gives the following equations : — 

f' =f - 0.01147 (t - iff-Yor 


Where f" is the tension of aqueous vapour corresponding to the 
dewpoint. 

/Ms the tension corresponding to the reading of tho 
wet bulb. 

t is the temperature of the dry bulb. 

^ 99 99 wet 

p is the reading of the barometer. 

^ ft 

The fraction — differs little from unity, and jia it is mul- 
tiplied by a very small factor the difforoucc may practically bo 
neglected, so that the formula becomes — 

y:// j?/ t — t 

J - J 

For temperatures below 32® this formula becomes — 

J -J - 9g- 


These formula require the use of tables of Tension of Aqueous 
Vapour, and as it is troublesome to calciilnto afronh for enoh 
observation, tables have been compiled which give tho dew point 
by inspection. 

The best tables at prcHent in English incaHiircs are (IhiiHher’s 
(5th edition), which have been constructed onipiri cal ly from diro<*.t 
experiments carried on at (irecivwiclu combined with llognault^s 
tables of the Elastic Force of A(iiic()us Vapour, &c. 

These tables are reasonably accurate for the ooiulitionH usually 
prevalent in the United Kingdom, but they are entirely iuHutficiont 
when we have to deal with very dry clinuitcs, such as thoBC sonu^- 
times found in^ India. ^ For such circuniHtanccrt accurate liygvo-* 
metrical tables in English moasurcs arc yet wanted. 


Theory of vet 
and dry Hygro- 
meter. 


34072. 
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THE RAIN GAUGE. 


Kain gauge. 


Form and Exposure of Gauge. — There are numerous 
Fiq., 14 . patterns of rain gauges, but the 

best for general use is that 
shown in Fig. 14. It has a 
circular collecting funnel, the 
rain is caught in a can, and 
measured in a graduated glass- 
The upper edge of the funnel 
is fitted with a vertical rim 
about six inches in depth, with 
a stout brass ring, ground to a 
knife edge on top, which will 
preserve its shape perfectly, 
and entirely prevent insplash- 
ing of rain-drops. The object 
of the addition of this rim is to 
catch snow, as will be ex- 
plained below. Great care 
should be taken to insure that 
the mouth of the funnel is not 
dented, as if the area be not 
a true circle, the full amount 
of rain will not be collected. 
The sole reason for preferring circular gauges to square ones is that 
the latter get more, easily out of the shape than the former. 

There is some difierence of opinion as to the proper area of the 
collecting fonneL The Meteorological OflBce employs a diameter 
of 8 inches. Mr. Symons recommends, for ordinary stations, 
owing to their cheapness, 5-inch gauges, but it has been shown by 
most carefully conducted experiments that the difference in indi- 
cations between gauges of various apertures, ranging from 3 ins* 
to 24 ins. in diameter, is very small, hardly exceeding one per 
cent. 

The gauge should be set up in a well-exposed position, where it 
will not be sheltered by trees, buildings, or high walls on any side. 
It should be placed on the ground, perfectly level, and be firmly 
fixed so as not to he blown over. In some cases it is advisable to 
sink the lower part of the cylinder a few inches into the ground. 
The height of the rim above the ground and above the Mean Sea 
Level should be given, the best height for the former being 1 foot, 
except in places liable to very heavy falls of snow. The angle 
subtended in each azimuth by the nearest obstacle, such as a build- 
ing or a tree, and its true bearing from the gauge should be care- 
fully measured and noted in the register. 

The gauge should never, under ordinary circumstances, be 
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placed on a roof or at any considerable elevation above the 
ground, as m such oases the amount coUected will be less than 
that which would have been recorded had the gauge been on 
the ground. Nevertheless a roof exposure is better than such a 
ground exposure as is sometimes the only one attainable in town 
gardens, if the space be very oonjSned* 

The observer should remember never to coUect the rain in Collector 
toe measuring glass supplied with the gauge, instead of using 
toe proper can for the purpose. If this be done in winter there 
IS a nsk ^ breaking the glass if frost should set in after rain has 
taJlen. However, a large glass bottle, e. gr,, a Winchester quart 
bottle, may with advantage be used instead of the copper collecting 
can, excepting in winter, inasmuch as the evaporation from a 
bottle 13 less than from a can. 

Measurement of Rain.— The gauge should be exammed Measurement 
OTery day at 9 a.m., and the amount found in it entered in the 
liegister as having fallen on the previous day^ inasmuch as if we 
measure at 9 a.m. to-day, it is probable, under ordinary circum- 
stances, that niore oi the rain‘in the gauge will have fallen during 
the 15 hours of the previous day, up to midnight, than during the 
nine hours from midnight to 9 a.m. ^ 

The measurement of_ snow or hail is to be effected by thawing Measurement 
e quantity collected m the gauge, and measuring the water of snow and 
which results therefrom. This method of measuring. the snow is 
ot very satis^tory, as if there bo much' wind the snow will be 
own out of the gauge, and the measurement will thus be rendered 
entirely untrustworthy To meet this difficulty the rim is some- 
times put on the top of the funnel of the gauge, as explained 
a ov^ and this renders it more difficult for the snow to be whisked 
out of the giiuge. If the gauge ho not fitted with this arrange- 
ment the best pbm is to take the outside cylinder of the gauge, 
wmen has the same diameter as the funnel, and invert it over snow, 
lying level, where its depth sooins to be nearly uniform and of 
about the average amount, and to collect the solid cylinder of snow, 
tlius cut out, and melt it. This proceeding ought to give the 
quantity which would have been collected in the gauge if the 
snow had not been blown out of it, but the results are not abso- 
lutely satisfactory. A good method of thawing the snow quickly 
IS to add to it a measured quantity of warm water, and subtract 
this quantity from the resulting volume of water. It is said that 
this process gives rather too small an amount, but the process of 
allowing tho snow to thaw slowly in a warm room takes too 
much time. 

It is sometimes recommended to measure the depth of the snow 
and ®hter a certain fraction of this depth as the amount of water 
w ich the snow would yield if thawed. It is generally said, that 
a toot of snow gives an inch of water, so that one-twelfth of the 
depth of the snow in inches would be the amount of rain corre- 
sponding to a given fall of snow. This estimate is, however, only 
a very loose approximation, as tho layer of snow is not always of 
mnform density. 

Dr 2 
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Entry of 
rain, etc. 


If snow is l3ang for more than a day the observer should measure 
every morning the depth of the snow at some place where it is 
lying evenly^ and has apparently not been drifted, and should 
enter the depth in the Remark” column. 

The character of the precipitation when other than Rain should 
always be stated in the column of Remarks, and the appropriate 
symbols used to indicate it. Hail ” should only be entered when 
the stones are hard ; the soft stones (" Graupel ” in German), like 
small snowballs, which fall in dry weather in spring are to be 
specially noted. 

The time of occurrence of the precipitation is to be noticed by 
the addition of a (a.m.) or p (p.m.) to the symbol employed, and 
the duration of the fall in hours, as estimated by the observer, is 
'to be inserted in the proper column. 
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EVAPORATION. 

Evaporation is a subject which has not as yet received as much Atmomcters. 
attention as it deserves, but this is partly owing to the great, 
difficulty which exists in making any accurate observations on it. 

The amount of moisture removed from a water surface by evapo- 
ration depends on the degree of humidity of the air immediately 
in contact with that surface, and also on the rapidity with wliicli 
that air is renewed by the action of wind. 

The ordinary method of mcasming evaporation, by means of an 
open gauge or atmometer * filled from time to time with water, 
the decrease in depth of which during a given interval of tinu^ 
gives the volume of water removed by evaporation, is a veiy 
rough mode of observation. In the first place, rain falls into the 
vessel, and account must be taken of its amount, while during a 
heavy shower much water will bo lost by splashing. Of course, 
however, arrangements can be made to shelter th(^ instrument from 
rain. 

Moreover, the rate at which the air in immediate contact with 
the surface of the water in the gauge is renewed, the free 
access of the external air to the suifaco of the water, depends on 
the depth at which this surface stands below the rim of the gauge* 

Hence it becomes necessary to introduce some contrivance to 
maintain this level constant. 

Various atmomcters have been dewised of late y(^•ll’s by Prof, 
von Lament, M. Dufour, Dr. A. Mitchell, Prof. Osnaghi, and 
others, but none of these has as yet mot with general acc(^ptance, 
so that it does not seem noccissary to describes them in detail* 

The three first named measure the evaporation by thc^ volnino 
of water removed, and must therefore be useless (luring IVost; 
the last indicates the evaporation by the loss in wcfight of a V(^ssol 
containing water, and it can thereforci give indications in winter. 

There is this uncertainty about (waporation tlmt all tlu^ cxperl- jUuceriaiuiy 
monts to which reference has been made relates .to that taking 
place from an exposed watca- surface of ji, comparatively speaking, 
infinitesimally small area, and can therefore hav(‘, but a v<uy partial 
applicability to the conditions occurring in nature. Thcn^ are two 
main reasons for this statement. Firstly, the proportion of the 
surface of th(^ laud on the earth which is covered with lakers and 
rivers is very limited, and the experiments above iudicalxal throw 
no light on the evaporation from tlu', soil. Secondly, th(^ ovapora- 
tfon from the surfocc of a small atmomehir (u-ected on th<^ ground, 
with comparatively dry air all around it, is certainly v(^ry dilleront 
from that whiclv would take place from an equal arc^a in the centre 
of a large water surface, such as a lake. 


* Perhaps Leslie’s term “ atmidometcr ” is more classically correct, Lut'^atmo- 
meter ” has the advantage of being shorter without being absolutely mcorrect* Such 

mongrel words as ** evaporometer ” are inadmissible. 
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Eyaporation. 

Uncertainty 
about the 
observations. 


It is of course easy to make experiments on the evaporation 
from the soil by means of a balance atmometer, but in order that 
these should possess a practical value^ the investigation must be 
extended so as to include a wide variety of soils, &c., &c. As 
regards the second point which has been raised, it is recommended 
by the Vienna Congress to erect atmometers in the centre of water 
surfaces ; but it is not a very easy matter to conduct such expe- 
riments with accuracy, owing to the risk of in-splashing from 
waves. 

The subject is one of very great importance, especially as 
regards its connection with rainfall and water supply, and well 
deserves especial attention, but it cannot as yet be said that the 
results hitherto obtained merit much confidence as regards their 
applicability to the evaporation occurring in nature, owing to the 
exceptional maimer in which the observations have been made. 
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WIND. 

Various instruments have been proposed for the registration of 
Wind, according to whether it be wished to obtain a record of the 
Force or Pressure, or of the Velocity. There is comparatively 
little trouble in obtaining a record of the Direction. 

Pressure Anemometers. — The oldest pressure anemometer Pressure Ane- 
is Lind’s, which consists of an inverted syphon tube, half fOled with mometers. 
water, and graduated on the longer arm. The force of the wind Lind’s, 
is measured by the height of the column of water which the wind 
is able to maintain in the longer arm above the level of the water 
in the shorter. The instrument is held in the hand, and the 
bell-mouthed opening of the shorter leg of the syphon, which is 
bent at a right angle, is turned to face the wind. Such an ex- 
periment is necessarily very rough. 

Until recently the most perfect pressure anemometer was Osier’s Osier’s. 

(Fig. 15), in which the force of the wind is measured by the dis- 
tance to which the pressure plate is driven back on the springs. 

This motion is communicated to a pencil, and the record preserved 
on paper. 

Fig. 15. 



The oliicf objection to this instrument arises from the use of 
springs which, from their contW f 
always preserve the same strength and elastici y* . 
clitiou must therefore considerably influence the results. 

A more recent instrument of this dass is 
the resistance is furnished by a system of levers instead of springs. 




66 


Pressure Ane- 
mometers. 

Gator’s. 


Uncertainly 
of results. 


Wild’s pressure 
gauge. 


Bolimson’s 

Anemometer. 


These consist of two eccentric curves of different sizes rigidly con- 
nected together and revolving on the same axle, of which the 
cmwatures decrease respectively in opposite directions, so that the 
effect IS doubled. Eound the larger one a cord is carried, from 
whiclr hangs a fixed weight. Round the smaller one a chain is 
passed, which is connected directly with the pressure plate and 
also with the recording pencil. 

T^e chief value of ^ this apparatus consists in its close proximity 
to the recording pencil and in the fact that the resistance is always 
the same, as every part of the instrument, except the pressure 
plate, 18 under cover and free from exposure to the weather. 
Another peculiarity of this instrument is that the plate is fur- 
nished with a conical back, so as to diminish the error arising 
^ partial vacuum behind it in strong winds. 

The cmef difficulty about the use of such instruments as these 
consists im the fact that neither the results obtained from the 
(ufterent instruments with the same size of plate, nor those from 
the same instrument with pressure plates of different sizes, show 
as close an accordance mfer as might be wished: so that we 
are unable to say what is the best size to adopt as the normal 
plate ; that usually emjployed is one sq^uare foot. 

Notwithstanding this objection, pressure anemometers are of 
great importance as being the only instruments at present which 

can give m any record of the force of individual gusts of wind or 
of any sudden changes. 

The Vi^na Congress has recommended the introduction of 
Professor Wild s pressure gauge which is in use in Russia and 
bwitzerlpd. This consists of a rectangular plate hung on hinges 
on a horizontal axis. The angle which this makes with the vertical 
indicates the force of the wind. This instrument gives sufficiently 
ac^imate results for light winds, but fails in the case of strongish 
winds, a plate wk^ is light enough to mark the differences between 
W 1 ^ 2 of Bj.rf.rf8 «»l8 (p. 58), win be kept in a nerfy 
homontal position even a moderate breeze, so that there will !:« 
no perceptible difference in the indications for forces 6 or 7 and 
those for forces 10 or 11. 

f — Of velocity anemometers the only 

term practically in use is Robinson’s, which is described in the 
Tr^saotions of the Royal Irish Academy for 1850. 

nknP measured by the rate of revolution in a horizontal 

^ ^ hemispherical cups fixed to the 

f motion of the axis is 

recording portion of the apparatus, 

dSe^Xv be read off at 

ou ^^ngementfor marking each mile of wind 

_ a step of paper moved by clock-work ; or, finally, as in the full- 

conirr^^P^!’ bracers which m£k the vXcity 

oS *h revolves 

once in 24 hours. In these latter instruments the direction is 

i-ecorded by the tracers in a similar manner to the 
Smiji ® being a double 
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Theoretically the velocity of rotation of the cups in Eobinson’s Uobinson^s 
anemometer is independent of the length of the arms or the size of an^naomoter. 
the cups ; but practically it is found that two instruments of 
different sizes do not give similar results^ and most, if not all^ 
of the smaller instruments which are in use yield results falling 
16 or 20 per cent, below what ought to bo the correct indication, 
while the larger ones give figures slightly above the correct rcnultB. 

This subject, however, urgently requires a closer investigation. 

There is, however, an inherent difiiculty about all anoinoiuctrical Effect of posi- 
measurements, whether of prcssxirc or vclo<*ity, iu that they arc most 
seriously affected by the position of the instrument. If it be 
attached to, or even crocited near, any large building, or if there 
be high trees in the vicinity, it will indicatts umcli less wind than 
if it were in a perfectly open country, and the results of recent 
experiments have thrown much doubt on the possibility of (‘om- 
paring, with any degree of minuteness, ancinometrical data from 
different stations. 

This fact alone is sufficient to condemn nearly all the determina- 
tions of absolute velocities liitherto made with small anemometers 
by private observers, even though the instruments wore perfectly 
correct 

Various instruments have been devised, employing methods of 
electrical registration of the velocity, and allowing of the cups, 

&Jc. being erected at a distance from any buildings, btit it 
seems all but impossible to erect the instrument so that it shall 
be removed out of the sphere of the disturbing action of the 
irregular surface of the groxind on the current of air passing over 
it, so that all wo can say is that it at present appears that the 
results from each station must bo compared inter se. 

The oldest method of observation of wind is by sensation or by EHtiumtion of 
estimation. This is necessarily somewhat rough, as it must depend vind foroo. 
to a very great extent on the individual observer. Nevortholcss, 
it is the only mode of obtaining wind obBorvations at the msyority 
of stations, and with expoi'ienoo can yield very xiseful results. 

Sir F. Beaufort, when in command of ILM.S. Woolwich,” in 
1806, devised a scale from tho6(^ estimations (givim in the Htibioincd 
table), having relation to the pressure of the wind on the sails a 
ship, which has since been very generally adopted, in lieu of the 
former classification of the respective grades of force by words 
such as Light Breeze,” &c. 

The scale of velocities added to the tables has been dt^termined 
in the Meteorological Officjc, but it must be (ionsidoriKl as merely 
provisional.’’'' It has been cleduced from the indications of well- 
exposed anemometers on the coast during the prevaIem*.o of winds 
from the sea. It is hardly applicable to ordinary land stations, 
nor to those on the cosiat when the wind blows off the land, in 
which cases the velocity conH^sponding to a giv«‘n force is mu('h 


* The juBtification of the tiihh> will he fuiu«l in a jmiKT voutainwl in the Quur- 
torly Journal of the Meteorolo#(ioal fc^ocioty, Vol. it. p. Uo. “An Attempt to t^sta- 
bliBn a liclation between the Velocity of the Wind and it« Force,’* by Robert IL 
Scott, F.R.S. 
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O'wing, to tie retardation of the general motion of the air 
and force of ^7 the ine^wlities of the surface of the ground, while the force is 

Trina. naturally estimated from that of the gusts. In fact, the steady pres- 

sure of a wind at sea gives a higher velodty than the uneven force 
of the same wind on land. 

In all cases it must he remembered that the velocity bein<r 
recorded as the number of miles of wind which have passed over 
the anemometer during a whole hour, that of an individual gust 
will often be far higher, and that of a lull much less, than the 
figure here given. 

It is qmte obvions that the nautical part of this table is all but 
uniatelligible to a landsman, but still it is advisable to give it, as 
it seems to stand a better chance of general adoption than any 
other scale. - i. ^ 

The equivalent velocities according to the metric scale, ie,. in 
metres per second, may of course be obtained by multiplying the 
ngures in the last column by the factor 0*447, 


Beaufort Scale. 


Volooity. 
Eugliuii 
Milos iifir 
Hour. 


tiiglit air, or Just sufficient to give steerage way - 
Laght breeze for*that in widcb a well-condi-“l _ ^ , 

I toned mau-of-war, with all 
» "j sail se^ and clean fulP’, 3_4 ^ 
Moderate,, 1 - go “ smoolh water j ” 


Strong „ 
Moderate gale 
IVesh 


or that to which she 


‘'inchase/»<‘JFull 
aud by’^ - 


Hoyals, &c. 

Single-reefed topsails or 
top-gallant sails. 


could just carry J Double-reefed topsaUs, fib 


aodby^^- - Mple-reefed topsails, &c. 48 

9 Strong „ [ Close-reefed topsails and 66 

J courses. 

10 Wlole gale, or that with which she could scarcely bear cIorp rk 

leefed main-topsail and reefed foresail. ^ " ®'’ 

11 Storm, or that -which would reduce her to stonn-stavsails >, r 

12 Humcane, or that which no oanyas could withstand^ . - gi) 

Beaufort’s time there has been a great change in 
SS i introduction of doubSsS 

able to carry, had she been rigged with doSblftonSwir Ti"'* 


Force 6. Top-gallant sails. 

,, 7. Topsails, jib, Sio. 

« 8. Reefed upper topsails and courses. 

S3 y. ijO'wer topsails and courses, 

« 10. Lower maintopsail and reefed foresail. 
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As regMds lie Direction of the wind it is hardly necessary to Reauction of 
observe that this should always be given according to tvue and not to 

to compass leavings.^ The amount of Variation of the compass in 
the British Isles being, roughly speaking, two points to the west- 
ward, we get the following table for the conversion of directions 
obseped by compass in the United Kingdom to approximate true 
bearings. 


Compass \ 
bearings S 

INT 

NNB 

NE 

ENE 

E 

ESE 

SB 

SSB 

S 

ssw 

sw 

wsw 

w 

WNW 

NW 

3NNW 

True y 
bearings S 

NNW 

N 

NNB 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ssw 

sw 

wsw 


WNW 

Jrw 
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Electricity. 


Collection of 
electricity. 


ATMOSPHEBIC ELECTRICITY. 

observations on Atmospheric Electricity are not called 
tor &om ordm^y observers, it may not be amiss to give some 

“““ 

in S® f Lightning and Thunderstorms should be noted 

to tbL inS^n’’ as directed at p. 72 ; but in addition 

to these indications of ^eat electrical disturbance taking place 

+h V* ^8 des'^able that observations should be Ldo 

?^nnnf ® electncity existiug in the air under ordinary circum- 

Lffaf® " deterniine, firstly, whether it is positive or 

negative, and, secondly, what is its intensity. 

simplest instruments of this nature, 
to IBennetts and Bobnenberger’s, are sufficient 

to show the nature of the electricity present in the air, but it is 

0l-oi3 electricity can be observed near the 

dictor\rtV°1®^?®^ satisfactory indications, the con- 

fhe Jrl “to contact with 

Suecjor ^stance fi-om the earth’s surface, by means of a 

Collectors.— A simple rough method of doino- this is to 
Joot a metallic arrow upwards^ into the air, the arrow bein' 
caiii^ r® ®°'^ of a co“<i«cting string, the lower end of which 
Sw rests upon the electroscope. The arrow 

^ * upwards, the electroscope will be foimd to be elec- 
tri&d, as it mounts; and when the ring leaves the nlote +iin 

Mete He stale of elee°rifictSi of ftir ,t 
that point where the arrow is at the time. 

conduLrrT v®^ observing is simplified by substituting a lono- 

lod „aAe 0.“ 

m a totem haag a mast, and coaneoted to He eleto 

of a'le^M^md **“’"> *“ ** *»!' 

“ *’’* Oeigkbouttood of He flame 

constantly carried off by the convectron cuSeS fn The®""!'*'® 

eleotrioi^of-He” eto't’d 

of Volta’s method has been made use of bv Sir 

observatoA:; Tnd 
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tion of atmospheric electricity, in connection with his electro- Collection of 
meter. electricity. 

A copper can is placed on an insulating support, which may be of 
ebonite, having the surface thinly coated with paraffin ; or of glass, 
surrounded with pumice stone impregnated with stdphuric acid. 

From the can a small pipe projects a considerable distance into 
the air, and terminates in a fine jet. The can being filled with 
water, and the tap which opens into the jet turned on, a small stream 
of water is allowed to flow out, care being taken that it is so small 
that it shall break into drops immediately after leaving the nozzle 
of the tube. 

In half a minute from the starting of the stream, the can will 
be found to be electrified to the same extent as the air at the 
point of the tube. 

This collector cannot be employed during the time of frost, 
owing to the freezing of the water in the jet pipe. At such times 
therefore, and when observations are to be made with a portable 
instrument, a slow burning match should be used. Sir W. 

Thomson recommends for this purpose blotting paper, steeped in 
a solution of nitrate of lead, dried, and rolled into matches. 

Position of Collector.— Since electrical density is greater 
on projecting surfaces, and less on hollow surfaces, than on planes, 
the collector should not be near trees, or houses, nor within a 
closed space. 

Electrometer. — This instrument, designed by Sir W. 

Thomson, is of two kinds : 

1st. The Quadrant, or modified Divided-King Electrometer, 
for observatory use. 

2nd. The Portable Electrometer. 

Ist. Quadrant Electrometer. — This consists of a needle Quadrant 
of thin sheet-aluminium, cut so as to rescmblo in form a figure Electrometer. 
8 with the hollows filled in, carrying above it a small light mirror, 
weighing only a fraction of a grain. This is suspended from its 
centre by two fine silk threads, the distance between which ctui 
be varied at will. 

The needle swings horizontally inside a shallow cylindrical brass 
box, which is cut into four quadrants, etich insulated separately by 
glass supports, but connected alternately by thin wires. 

Each pair of quadrants is also connected to a stiff wire passing 
through the case of the instrument, to form the two electrodes, or 
tfirmiTifllaj for the attachment of tho collecting and earth wires. 

The base of the electrometer contains a Leyden jar, partially 
filled with strong sulphuric acid, and a platinum wire, hung from 
the lower surface of the needle, is made to dip into tho acid. 

A lamp and a divided scale are placed about a yard in firont of 
the instrument, and the light shining through an aperture in the 
frame of tho scale, is reflected by the mirror on fho" scale, where 
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Quadrant 

Electrometer. 


The Gauge. 


the position of the image of a -wire stretched across the hole can be 
accurately observed. 

If the electrometer be used as a self recording instrument, a 
'(trim carrying photo^aphic paper, and maintained in rotation at a 
uniiorm rate by a train of clockwork, is substituted for the divided 
scale, and the aperture reduced so as to form a mere dot of light on 
the cylinder. ® 

In order to make ime of the instrument, the needle must be 
electricity ; this is done by bringing a small electro- 
phorus, which has been previously well rubbed, into contact with a 
wire (charging electrode), dipping into the sulphuric acid at the 
bottom of the Leyden jar. 

• electrodes connected with the segments is then 

^ Cleans of a wire to the water-dropping collector, and the 

other placed in communication with the earth through a wire 
attached to a ^ pipe, or similar oonduotor. It wiU then he 
iound that the electrometer needle wtil be deflected either towards 
the one side or the other, according as the electricity of the at- 
mosphere 18 of the nature to repel or attract it, and the extent 
r as measured on the scale, is proportional to the amount 

electridtSs^ ° potential between the atmospheric and terrestrial 

instrument is also affected by the extent 
SonM « necessary that this charge 

t Jri i Although the sulphuric acid, Tby 

S »teri?r of the instrument, prevents the rapid 

inf ^ a slight per^oentLe 

fo! auxiliary apparatus 

insidf electncity, termed a r&plemsher, is fixed 

mside the case, by turning which the charge cm be restored to 

rsp tKSL ^ ^ 

aluSu!SiS®'~i^^f ^ ”iade of thin 

^u^ium, one end of which is widened out, so as to form a 

p; ^ 

wh* W „ ^taUio o«m.eoa.» wi* rf 

The scale of the Instrument-The scale value of each 
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instrument must be experimentally determined, and should any Scale of Eiec- 
change be made in the electrometer itself, eidier by replacing 
the threads which suspend the needle and mirror, altering their 
distance aptu't, or varying the adjustment of the gauge, a re- 
determination of the scale value must be made. 

In order to perform this operation a galvanic battery is needed; 
one of constant intensity should be used. Sir W. Thomson recom- 
mends DanielFs. The battery being charged and placed on an 
insulating support, the wire leading from the water-dropping col- 
lector is discoimoctod, and a wire from one terminal of the battery 
attached to the electrode of the instrument. The amount of 
deflection of the needle is then observed upon the scale, and noted. 

Contact is again broken, the (dcctrode joined to the earth wire, 
and tht} scale road. 

By repeating those observations several times, and varying the 
number of cells forming the battery, the value of the divisions of 
the scale can be dcitermined. 

Knowing the (dectri(5 motive force of the cell employed, the 
Indications of the <dcctromctcr scale may be converted into terms 
of the absolute unit of force or volts.” 

Portable Electrometer.— The portable electrometer is a Portable Elecr 
small instrument contained in a cylindrical brass case, 3*3 inches 
in diameter,^ 5 inches in height. It consists of a small glass 
Leydcm jar, in the interior of which a gauge is placed, similar in 
construction to tlu^ one already described, as fixed to the quadrant 
electrometer, but inverted. The tinfoil is removed from both 
surfaces of the glass opposite to the index, in order to permit of 
its b(fing viewed through the aperture. ; but in order to maintain 
the electrical potential unil’onu, n double screen of thin wire fences 
is introduced betwi^on the index on the lover and the glass 
through which it is observed. 

The plate or disc opjiosocl to the extended end of the indicating 
lover is attached to an oxtreindy dcrujatc and accurately con- 
Htruct<Kl screw, by which It can bo raistnl and lowered with the 
utmost nic.(*ty, and so brought nearer to, or removed further from, 
the loviT. Tlu^ distance! through which it is moved is measured 
with the gr(Mtt(5st cxa<‘.titU(lo by means of an Index attached to the 
s(‘<rcAV, vvhi(‘.h moves over a scale and shows the number of com- 
plete rotations, whilst a divitb'd circle fixed to the axis indicates 
th<^ parts of a. turn. 

A.n insulating inedium is interposed between the disc and its 
elevating scri^w, so that the electrical condition of the former is 
not uffcctt‘<l by the observer touching the screw. 

A wire troin tlie discs placets It in connection with an electrode 
projecting through the clover of tin* instrument, the aperture being 
propcTly i)rot(u‘,U‘(l against thc^ entry of wind or rain, and this 
clcjctrocie, whem the instrunuuit is in use, carries a burning match 
colh^ctor, as d(\scrib(‘d on i)ag<^ fil. 

Pumice stone saturalcul with sulplnmlc acid is placed in leaden 
trays in the interior of tlu^ iastrumcjut for the purpose of drying 
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Portable Elec- 
trometer. 


Peltier’s Elec- 
trometer. 


the contmed air, and it is necessary to remove it frequently, as 
otten as the acid becomes hydrated, and supply fresL. 

n order to use the portable electrometer it must first be 
c arged; this is done by means of a small electrophorus, a 
charging rod being let down for the occasion through a hole in 
^ts roof. This charge should be negative. 

The amount through which the disc must be moved to bring 
e ever index to its proper position after charging, is read by 
means or tlie scale and. microntieter screw- 

removed^ and the chief electrode connected 
with the outer case of the instrument, which itself is in connection 
with the earth ; either through the observer, in whose hands it is 
held, or by a wire; if the index is again brought to zero, it is 
pla^d on^ insulating support, and another reading of the scale 
made. 1 he chief electrode is again insulated, then the collector 
put on ^d the match lighted. After a short time the index is 
agam observed, and the disc moved until it is brought into its 
nomaJ position, when the micrometer and scale are read. 

determine the scale value of the instrument, a 
battery must be employed as described above, p. 63. 

Electrometer. — Another form of instrument 
very highly recommended is Peltier’s eleotrometer, which 

M n * w ^ at Brussels by the late 

rf- t^uetdet, and for upwards of 20 years at Utrecht. The 
iMt^ent IS described in the Annttatre M4Uorologique de France, 




of Ozone is frequently mentionld as one deserving 

of notice at meteorological stations, but up to the present time it 

coTgrit?- ^y W 

« rk'^f existing methods of determining the amount of ozone in 

« menSrnfe T the Congress therefore recom- 

ends investigations for the discovery of better methods.” 
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CLOUDS. 

We have hitherto 'sgokea of the several observations which 
demand the use of instruments for their registration, but there ^ is 
an extensive class of phenomena which cannot be recorded in- 
strumentally, but of which it is necessary to take careful notice 
owing to their importance as indicating changes which are in 
progress in the atmosphere. Of these without doubt the most 
important are Clouds. 

The following explanation of the different forms of cloud 
represented on the accompanying Plate has been prepared princi- 
pally ffom the works of Luke Howard, whoso definitions are 
given in inverted commas at the beginning of each description : — 

UPPER CLOUDS. 

The clouds belon^ng to this class are considered, on good Upper cloudB. 
grounds, to bo frequently composed of particles of ice, inasmuch 
as the phenomena of halos, &c. are produced by them, and these 
can only bo explained by the refraction of the rays of light through 
ice crystals. 

Fig. l. Cirrus (cir.). “Parallel, flexuous, or diverging fibres, 

“ extensible by increase in any or in all directions.” 

This is the very lofty cloud which looks like hair, thread, or 
feathers, and, when curved in form, is often called ‘ Mare s tails. 

It frequently moves in a direction differing from that of the wind 
at the earth’s surface, but its motion often appears to bo so slow 
that it is very difficult to ascertain it correctly without watching 
for a very considerable time so as to mark its motion over some 
fixed object, but the importance of the observation makes it very 
desirable that special attention should be devoted to it. 

Anything peculiar in the shape of cirrus clouds should bo noted, 
as well as the point from whence they radiate, and the rehition 
between their longitudinal extension and the direction in which they 
are moving. It should also bo noted if they are more developed in 
one part of the sky than in another. 

Pig. 2. Cirro-cumulus (cir.-c.*). “ Small, well-defined round- 
“ ish masses in close horizontal arrangement or contact.” 

This is also a high cloud, though usually at a lower level than 
the cirrus. It differs from the cirrus in being more globular 
in form, as it consists generally of small detached rounded masses, 
like a fiock of sheep lying down, or like the markings on a 
mackerel, whence tlie name “ Mackerel sky.’ It is sometimes 
softer than those shown in Pig. 2, and when seen at lower levels 
it may be difficult to distinguish those clouds from small cumuli. In 
such cases the fact should bo noticed in the “Remarks” column. 


* NoTB.—The second part of the contraction has hcoii reduced to one letter, 
because it is found that in practice the hyphen has frciiuently been left out, so that 
cir.-cum. -was understood as cirrus and cumulus iustead of cirro^cumuluse This error 
has been conunou to all the contractions. 

84072. B 
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Upper clouds 


« p- Cirro-stratus (Cir.-s.). « Horizontal or slightly in- 
cJmed masses, attenuated towards a part or the whole of their 
circumference, bent downward or undulated; separate, or in 
^Oups consistmg of small clouds haring these characters.” 

Ihra cloud IS usuj^y generated by increased condensation on 
the^amis already formed, which consequently sinks to a lower 

Tim &st part of Howard’s definition seems to be well repre- 
sented by the upper portion of Fig. 3 , in which the clouds are 
like sheets thmni^ *^ 6 “^ edges, while the latter part is 

thTfi^re light-coloured clouds at the bottom of 

is approaching the cloud increases in oom- 

^ ti“es entirely 

“d presenting the 

appearmce of a uniform sheet overspreading the sky. 

^^0^1 thl " of their occur- 
rence m the Remark column, so that there shall be no risk of 

appearance and that of the true drro- 

a^lll ® aecessary inasmuch as when the cloud 

Taracter n? ti^ ln more the 

of an ice dLi ^ stratum, becoming a vapour cloud instead 

Anything peculiar in the appearance of the cloud should be 

^+1, seen at a)l levels between the highest cirrus 

determine 

OT the Tow^f ® T ®f cloud belongs to the upper 

r the lower system. In such cases the observer -mil be or^tlv 

^ **'»■>» SmJl, 


JLivjYYiiiJi UJLOUDS. 

belon^ng to this class are usually composed of 
partidesof condensed vapour or "bubble steam*' * 

not of ice When o „ • i •I'fooie steam, t.e., of water, 

sun or moon A?v ^ct^een the earth and the 

:«i«.“bMar,i?r/iiSr'*' “'"s™ *‘5'*”“’ 

tiallyto the lower reriona ff belongs essen- 

Ho w speaks of ^ ?s "G^uud &^S?d 7t 
which spreads over low grounds in the e^’ • ^ formation 

».n » L te^pe^tlS “ 


* The "Pallium” of Poey. 
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The stratus is generally a fine weather cloud appearing during Lower clouds, 
the nights and mornings of the brightest days. At times it over- 
spreads the whole sky in the form of a low^ gloomy, foggy canopy, 
the atmosphere at the same time being more or less foggy under 
it. All low detached clouds, which look like a piece of lifted fog, 
and are not in any way consolidated into a definite form, arc strati^ 
and may be called detached ” stratus. 

Figs. 6 and 6. ClUlltllus (Cum.). Convex or conical heaps 
increasing upward from a horizontal base.” 

This class of clouds comprises all those of the lower stratum 
which have a globular or rounded form, from the small white cloud 
represented in Fig. 6, to the heavy mass represented in Fig. 6, 
which is almost a cumulo-stratus. The cumulus sometimes takes a 
cylindrical shape, forming itself into long horizontal rolls, between 
which gleams of light are seen, but which are often so closely 
packed as to hide, the blue sky. These are called by us Eolh 
cumulus {Roll-c.). See Fig. 5.* 

Fig. 7. CumulO-StratTlS (Cum.-s.). The ^ cirro-stratus ’ 
blended with the • ^ cumulus,’ and either appearing intermixed 
with the heaps of the latter, or superaddinff a toide-spread sti'uc^ 

" ture to its baseJ* 

This is the cumulus as it were changing into a nimbus. It is 
dark and flat at its base, and is traversed by horizontal linos of 
dark cloud. 

Fig. 8. Nimbus (Nim.). Therain cloud. A cloud or system 
of clouds from which rain is falling. It is a horizontjil sheet 
above which the ^ cirrus ’ spreads while the ^ cumulus ’ enters it 
laterally and from beneath.” 

This is a rain-cloud. Whilst on the horizon, or as it advances 
towards the observer, its front frequently presents a marked out- 
line like that of a very heavy cumulo-stratus with rain falling Irom 
it, and with some cirrus above, so that Howard has called it the 
cumulo-cirro-stratus. When it has overspread the whole sky, it is 
usually so mixed up with or concealed by the falling rain that it 
generally assumes a imiform dark appoaranco. 

Fig. 8 represents a Nimbus before it has overspread the sky ; 
there are also smaller clouds of the same Icind which only produce 
a passing shower. They are easily distinguished by the fact that 
rain or snow, &c. is falling firom them. 

Inasmuch, however, as rain, &o. may fall from clouds of various 
shapes, anything peculiar in the form, height, 8cc. of the 7 iimhus 
should be mentioned in the " Remarks.” 

Scud is a term used to indicate loosely formed, detached clouds 
drifting rapidly before the wind. These may be cither at a high 
or low level ; in the former case they probably belong to the cirro-- 
stratus or cirro-cumulus^ in the latter to but the word scud 

simply implies that they are fragments of cloud in rapid motion, 

^ This variety of cumulus is an addition to lioward's uomouclaturo. It has be.oa 
inserted owing to the frequency of this iippearaaco at s^a. It is imnocessary to 
observe that the effect is simply ono of perspective. 

3E 2 
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It is believed that the foregoing description is sufficient to 
explain the ordinary forms of clouds, but the appearances are 
much intermixed. Thus, before rain we often see a dirty back- 
ground of cirrostratusy over which black patches of drro^cumulm 
are travelling. Such combinations, when seen, should be carefully 
noted. 

The direction from which all clouds, especially upper clouds, 
come is very important, and should be recorded, whether they are 
moving wifli the wind or not. The relative motion of some 
clouds past others, or past any moveable object, is so deceptive 
that it should never be recorded. If the upper clouds move 
quickly, a remark should be made to that effect. 

It is particularly requested that the contractions Cir., CiV.-c., 
Cfn-a., Str,, Cum,^ Cum,^s,y Nim., given on the plates, be used in 
the entries, as any other contractions are likely to mislead. 

Amount of Cloud. — The scale for the amount of cloud is 
that of 0 Blue Sky,*’ 10 Entirely overcast.” 


resolutions as regards Clouds adopted at 

extension of clouds on the visible sky 
fTiA the scale 0-10 are to be made without reference to 

^ttickness of the doud. The latter is to be indicated by an 
apphed to the figure for the Amount of Cloud (0 8l4ht, 

mstors^o^ Cloud, or rather classes of cloud, tho 
desired are more thorough observations and 
donds which arA winch will correspond to the variety of 

have as vet Iiaa observed, as none of the systems which 

3 "I’m* +Ti recommended for general adoption, 

deinatil^nfr-' is recommendel to add t? Howard’s 
acwrdinff- epithets as characteristic as 

individual observer, in 

4. « In wS to appearance as dearly as possible, 

fion of tte I i, 

^ ^ offijee dioola prepare, as completely ae 

Sehmrfth??— tlm Coog^ prepanttioo of 

-SlSdd of Cload & ,?t o» foot, 

OWm “ *’■0 iMtnioaoiie for tie 

oTT^T *0 fo™- 000 - 

supported, spec^T^t+Ar.^^ undertaken and 

staice that one and tC°“ ^ 

under different an^esT^ sides or 


( 5 .) 
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WEATHER. 

Under the head of Weather Observations are classified the Weather 
various appearances which for the most part indicate modifications ohseryations. 
in the condition of the aqueous vapour in the atmosphere, and 
which are therefore known in some countries under the generic 
term of Hydrometeors.” 

In this country a system of notation devised by Admiral 
Beaufort has been in use for many years, but as these phenomena 
must be noted by each observer in the ordinary language of 
his country, the Vierma Congress decided that it was advisable 
to employ for the recording of such observations, symbols, 
which should be independent of any language, inasmuch as if, as 
in the Beaufort notation for weather, we, for our own conve- 
nience, employ for the most part the initial letters of the^ English 
names of the phenomena, we should find great dfficulty in recog- 
nising the same phenomena when described, in Russiam 

These symbols have been introduced into the form given in 
App. II. because it is advisable to use in the original schedules of 
observation the same symbols as are employed in the printed 
tables, at least for entry in the Remarks ” colunm. 

These symbols, which were adopted at Vienna, are ewdently 
better suited to continental climates than to those of these islands. 

However, before dealing with them, we shall first give the Beau- 
fort notation, with the corresponding symbols, wherever such 
exist, and then a list of the symbols which are not represented in , 
the Beaufort notation. 


Beaufort Notation with corresponding sgmhols. 

b = blue sky : whether with clear or hazy atmosphere, 
c = cloudy, but detached opening clouds, 
d = drizzling rain, 
f = foggy, ^ 
g = dark gloomy weather, 
h = hail, 

1 = lightning, ^ 

m — misty hazy atmosphere, ^ or oo 

0 = overcast, the whole sky being covered with an impervious 
cloud. 

p = passing temporary showers, 
q = squally. 

r = rain, continued rain, % 
s = snow, -X- 
t = thunder. 
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Weather 

ohservations 


u = "ugly,” threatening appearance of the weather. 

V = “visibility” of distant objects, whether the sky be doudy 

or not. 
w = dew,* .a. 

_ In Beaufort’s system, a bar or a dot under a letter denoted 
mtensity. 

Symbols not included in the Beaufort Notation. 
Thunderstorm - - j Strong Wind 

Soft Hail (" G-raupel ”)t a 

Hoar Frost - - i i 

Silver-thaw C" Eauh-frost 
‘^Duffc”) - V 

Glazed Frost Glatteis ”)t ^ 

Snow Drift - - 

Ice Crystals 


Solar Corona 
„ Halo 
Lunar Corona 

Halo - - - 

Eainbow - - . 

Aurora - - - 

Dust-haze ('" Hdhen-rauoh ”)t 

means slight snow, heavy snow. 

?? to ^ «>t»oa 

■tat the same Bjmljol it used ““ 

“ to. ba altered 

Li this it seems advisable to dW yhat their size may be. 

at Vienna— which is to enter « Hail” recommended 

laige enough to do damase to aorir. i+ % stones are 

Hml Insurance is not^o comTr> — ^inasmuch as 

contment. <^ommorx m these islands as on the 

^ feted ligitaing. 

foms. If thunder is heard with 

thunderstorm is to be employed. ^^gttnmg, the symbol for 

Haze, 4at for « h 

It may here he rmS employed. ^ 

B^ufort Notation to de^gnate bv ^ 
different phenomena as "mist” and "haz^’^ “iitial letter two such. 

to employ this symbol in th^^iSn!?' hardly necessary 

_____ ^ n tnese islands, o wing to the comparative 

letter “w» indicated 


st ) €00 eV 
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raritv of either Snow or Hail, so that any water measured in the Weather 
rain gauge may be set down as Kain unless the symbol for either otservatioM- 
of the other forms of precipitation is employed. 

Snow.— Th.6 symbol is a six-pointed star, a common form pf 
snow crystals. Water crystallizes in what is termed the hexagonal 
system, and snow flakes when examined show a most exquisite 
geometrical structure, the separate spiculae being arranged so as 
to intersect each other at angles of 60 or 120 . ... 

No symbol is ^ven for “ Sleet,” _ mixed snow and i^, m fact 
this seems to be a phenomenon specially characteristic of northern 
and insular climates. It is recognized in Norway and ' Denmark 
under the name of “ Slud.” In Germany under that of 
« Scklacken.” The French term « Grdsil, whioh is usually con- 
sidered equivalent to “ Sleet,” really indicates “ Soft Hail. 

Thunder . — No symbol is ^von for this, as it is considered that 
the lightning which accompanied it must have been witto the 
range of vision of the observer who beard the thund^er, although 
unnoticed by him, so that accordingly Thunder is always to bo 
entered as Thunderstorm. 

jDcmi.— T ins is to bo noted, the symbol being a representation 
of a drop of dew. 

Thunderstorm . — The symbol is a T> combined with the symbol 

In^entermg in the register the number of thunderstorms in a 
mouth, the days when Sheet Lightning only is observed are to be 

^^Tho^lircctmn of motion of thunderstorms should be carefully 
noted :vnd entered in the “ Remarks ” column. 

Soft Hail, « Graupel” (Gr6sil in French.)— Tins is a kind of 
hail very common on the continent, and frequently seen in these 
islands m cold weather during spring. The stonos are small and 
soft, like little snow pellets, without any crystalhne structure. 

The symbol is a triangle unshaded. 

Silver Thaw is the phononumon of a largo quantity of frozen 
moisture on trees when the weather suddenly becomes wami mter 
m-cat cold. This occiisioiially taLa place to such jm extent that 
uranchoB are broken off the trees. 

Glazed Frost . — Tliis is the phenomenon of a frost sotting in 
after a partial thaw, when the ground mid most objects are covero 
with ice. 

Snow Drift— This phenomenon hardly requires a symbol. 

Ice Crystals . — Those occasionally fall in winto. ^key are 
distinguished from hail by their shape and size. T e sym o is 
an aiTow unfeathored. 

Strong Wind.—'Sho symliol is that employed by the Meteoro- 
logical Office in its working Charts. It is convenient to m^ 
the number of the feathers indicate the degrees of Beautort 
scale. 
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Weathe3^ 

observations. 

Optical 

phenomena. 


CoroncR and Hahs axe circles which appear round the sun and 
moon. 

Corona are small drdes exhihiting the prismatio colours, the 
red being outside, the violet inside ; “ when two or more are seen 
" at once, the diameter of the second is double that of the first, of 
« the third, triple. But the diameter of the interior corona (the 
" unit of the scale) is not always the same, varying from 2° to 4°.”* 
They arise from the interference of rays passing through a twgHa of 
minute globules of water, and accordingly they are seen whenever 
light clouds pass between us and the moon, and their appearance 
is so common as scarcely to call for remark. "The reason why 
“ coronas are seldom seen round the sun, is the dazzQW brightness 
« of that luminary. If its light be enfeebled by reflection in water 
" or by a coloured glass they are often visible.” 

Ealos.—‘^ These are We circles of definite and constant 
^meters, one of 45°, the other of 92°, and wHch are seldom 
« both seen together. _ The colours are very feeble, especially of 
the larger, wmcn is usually almost or quite ‘W'hite’’ The 
Wct is very uncommon. Where they exhibit prismatic colours 
w^^ IS rarely the case, the red is inside. They arise from the 

atmosphere, and consist of 

Sometimes the halo is intensified into two bright spots, one 
on ^ch side of the central lummary. These are JParheUa 

or J'araselena (mock suns or mock moons). 

^ At times the phenomena are even more complicated, and other 
circle^ and lines Me observed, usually intersecting the 
primary halo syn^etn^Uy. At the .intersections these m&tiple 

«PWtionof the 
to draw 

ter 

mert of ft. aS S. "S' 

northern horizon toSs’ Z “magnetic” 

arches are seen, as many as nina Jiavino- K* * succession of 

by an observer in north of Norway. ^ counted at one time 

* The quotations are ftom Hersohel’s Meteorology. 
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The streamers flash in rapid pulsations, and sometimes extend Weather 
beyond the Zenith, when they form a closed curve or canopy of observations, 
light, around a point in the heavens indicated by the direction of 
the dipping needle, which is therefore situated to the south of the 
Zenith. This appearance is termed the corona” of the aurora. 

The colour is usually white, but occasionally red, green, and 

other colours are noticed. , -n. -r -r^ 

A very interesting paper by the Rev. Jas. Farquha^on on 
auroral observations in these islands will be found in the Philoso- 
phical Transactions, 1829, p. 103* ^ 

The symbol is an arc and chord with three rays. In case ot 
specially fine auroral manifestations the observer is requested to 
send up a fuUer notice, e.g., in the space at the foot of the form or 
on its back. 

J)ust-Haze/‘ Hohenrauchr—T!^ is a peculiar obsci^ation of 
the atmosphere which sometimes appears in summer. ^ It is far 
more common on tlie Continent than with us. Its origin is not 
quite understood. At times it has been traced to extensive fires 
on the moors or in tlie forests of Northern Europe. 
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HOURS OP OBSERVATION. 


Hours of 
observation. 


Calculation 
of means. 


There m hardly any point wMch is more difl5cidt to settle than 
that of the most suitable hours for meteorological observations, 
masmuck as those which will give good results in one climate^ will 
be m adapted to meet the requirements of another. In all cases. 
It he remembered, it is temperature to which the observations 
ih the first iustanoe refer. 

temperature which is generally assumed as correct 
tor a day is that of the 24 hourly observations, and continuous 
records ^ not usually tabulated to greater minuteness than that 
indicted. Such frequent observations however entail an amount ' 
ot labour which cannot be attempted except at a first class Obser- 
vatory. Spe^ng generally, two observations a day are the least 
number which ca,n be recognised as sufficient for a station of the 
second order, and it is desirable, if possible, to have three observations 
or more, at regular intervals, during the 24 houi-s. It is, however, 
very difficult to ensure the regularity of night observations, and 
Vi® decided by the Vienna Congress to con- 

sider the followmg combinations of hours (local time) as admissible. 


h. h, h. 

6 AM 2 PM 10 pm 

7 « 2 ,, 10 3 , 

7 jj 1 « 9 ,, 

7 2 j,‘ 9 j, 


h. b. b. 

8 AM 2 PM 8 PM “I with 

9 „ 3 „ 9 „ ^minimum 
10 » 4 ,, 10 „ J temperatuxe. 


b. b. 

8 AM 8 PM 1 witb maximum 
0 » 9 „ y and minimum 
10 fp 10 J temperature. 


The method of treating most of these combinations so as to 
^ye the daily mean, and the corrections to be applied to such 

the pmcipal observatories, in order to 

meteordo* *®^* 

^ the fhil. I^ans. for 1848, Mr. Glaisher gives corrections for 

1“/^® ^^“loires del’Acaddmie 
Poyale de Belgique, vol. xxxvi., M. Ernest Quetelet gives a very 
complete table of the corrections for various combinations of hourl 

however, in the first instance of 
greatest caution is necessary in applying the 

do not differ „„„h tie 

fcftfer if*'' *¥ I"®*’”' determiimtioii of e oorrect 

w, it 41^ '„7oS“ 


obsOTatory of Helsingfors tbe observations 
twenty minutes for xbe space of nearly nine years I 


were recorded at intervals of 
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very nearly accurate mean for tbe day is to take tbe average of tbe 
maximum and minimum readings for the day, but tbe resmting 

value is slightly too high. . ^ 

It is, however, obvious that for silcb a mean to be strictly correct 
for tbe 24 hours of tbe civil day, ending at midnight, the observa- 
tions of the extreme temperatures should be taken at the expimtion 
of the interval, i.e., at midnight. This is evidently not possible at 
all stations, and hence a chance of error may arise. ^ 

The, hitherto, ordinary practice of reading both instruments at 
9 a.in. may occasionally in winter give rise to error as regards an 
individual day, for at that season the diurnal march ot temperature 
is often masked by the serious contrasts between the temper aturos 
of the winds from the different points of the compass, so that to 
apply the extreme readings taken at 9 am. to ascertain wo mean 
temperature for the day ending at the preceding midnight, mus 

occasionally lead to erfor. . , 

Notwithstanding this objection, the mean of the maximum^ ana 
minimum temperatures remains the simplest method of aBcertaxning 
the mean temperature, and the liability to error to which allusion 
has been made has been materially reduced by tho practice, which 
is recommended by the Vienna Congress, of reading tho maximum 
and minimum thermometers at the latest observing hour ot t 
day, so that the observations shall be taken as near midnight as is 
reasonably possible. 
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BEMABKS TO OBSEBVEBS. 


NOTES ON FILLING UP THE FORM— App. II. 


Entry of 
obsemtions. 


Beading the 
harometer. 


Experience shows that it is necessary, even at the risk of repe- 
tition, to say a few words as to the 'method of observing, and to 
point out the kind of errors to which observers are most liable in 
reading their instruments. The necessity for punctuality has been 
already mentioned. 

In the following remarks a great many things will be included to 
which some observers will not find leisure to attend. But others 
may have more time ; and in all oases it is advisable that observers 
should be on the alert as to the special points which are of most 
importance to be noted. 

1. While too much time should never be spent in setting and 
reading off the instruments, anything like hurry should be still 
more strongly discouraged. 

Let every reading be entered in a rough book ” before leaving 
the instruments, and examined to see that it is recorded correctly. 
In filling up the form see that all the necessary figures are written, 
clearly and placed in their proper positions, ifever omit a figure, 
not evm the last decimal place when it is a cypher. This instruction 
is nectary because sonie observers who generally read their 
barometer to three places of decimals, and their thermometers to 
tenths, will enter 29 '44 ” instead of 29 ’440,"’ and 45° instead 
of 45® '0 ; then the figures may be placed a little out of position, and 
in totalling are liable to be included in the wrong column. Let 
the wMe numbers, too, be regularly entered. In filling up 
the ‘‘Weather” and “Remarks” columns avoid large flourishes, 
in order t^t the letters and words may be caught by the computer 
without difficulty. 

2. With regard to the Barometer , — It is necessary that the 
height of the cistern of the instrument (not merely of the ground on 
which the house containing the instrument stands) above the mean 
sea level should be accurately known. In applying the corrections 
for altitude, due allowance must be made for the temperature of 
the outside air at the time of observation, and also for the approxi- 
mate level pressure at the same time, as variations in either 
of these particulars make material alterations as to the correction 
ne^ssary whenever the altitude exceeds about 30 feet. 

Suppoang, however, that the correction table is properly pre- 
p^d, and the barometer truly hung, the first thing to he done in 

^ observation is to read and enter the indication of the 
attach ed .thermometer. 


Should the h^bmeter be on Fortin’s principle, let the utmost 
care be exercised that the mercury in the cistern be adjusted so as 
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to touch but only just touch, the zero point. Gbeat care is necessary 
in order to do this well. Equal pains must be taken to ensure that 
the plane of lower edges of the back and front of the vernier may 
(orm exactly a tangent to the convex surface of the colu^. ^ 

Then in reading off, the principal errors to guard against are 
those of five tenths or five hundredths of an inch— so reading, say, 

29-346 for 29 • 845 or 29 ’ 284 for 29 • 234,_or vice versd. See also 
that the tenths are properly counted ; *7 is often read as -8. 

Tn readina thermometers, do so as speedily as may be con- Beading the 
JLt XSaly. Whing 0 . the belhe. Let 

both the maximum and minimum be read, and the reading entered 
and checked before the instrumen^ are touched for settmg. See 
tTmt the corrected Tpi'"imiim reading is not higher, nor the mam- 
mum lowertCly of the dry bi3b readings taken during the 
day ^ Should such I discrepancy be discovered, spare no pa^ to 
ascertain where the error has been made, and if possible it, 

but do not make any forced entries m such cases, so that thmgs 
may appear right which are really wrong or doubtful. I* ^ 
far^eSer to cSl attention, to the discrepancy by a note, than m 
anyway to “cook” or tamper with a reading. In setting the 
m^immnand minimum thermometers, see that the work is done 
completely, so that they indicate the temperatoe at the time o 
settine maximum shade temperature or dinarily occur^arly 

S Jhe^aftinoon, and the minimum shortly before sunnse. When- 
ever it is noticed that these readings occur at abnormal hours, add 
a note to that effect in the “ remarks ” for the day. See that the 
wet bulb is moist and clean ; and should the observer be 

only (a very rough and an inadmusible practice for the 

L. that *e diff»e.ce 

dr%ndwet bulb readings is given to the nearest degree. The 
importance of this is evident on very httle reflection. 

TVnia 47^4 45°' 6 should not be entered by anyone reading 
to whole degrees, as 47° | 46°, but as 47° j 46°, for there is 
1°*8 differeMe between the two, which is much nearer to 2 

^’'Shiid the water in the cistern of the wet bulb need replenishing 
let it be done immediately after an observation has been made, and 
while doing so let the musUn, worsted, ^d bulb be well washed, 
fit is well to keep the water which is collected in the ram gauge 
fS this purpose: as by that means the incnwtation of c^bonate 
of lime, &c., on the wet bulb is avoided, and the muslin, &c.,need 

“ t ’if 

between the observations— sudi as a sudden gale or severe squaU— 
note it carefully in the “ Kemarks ” colunm. Should the direcbon 
We changU much, say from S.W. to N.E., note in which way the 

S Skated 
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Entry of 
clouds. 


Entry of 
weather. 


Entry of rain. 


estimated by noting the drift of smoke from tall chimneys which 
are neopr the observer, or from chimneys in clear spaces. The 
indications of anemometers placed on ordinary dwelling-houses, or 
in any position not carefidly selected, should be distrusted very 
much. 

5, Clou^, — N Qte the most prevalent forms. Should any particu- 
lar fonn be massed in one part of the heavens more than in another ; 
or should different strata be moving in different directions, or at 
very different velocities, let such facts be entered in the Eemarks ” 
oolnmn. When clouds are increasing, try to discover whether it 
is merely that they arc rising from hdow the hori^ion, or that they 
arc being formed within the sphere of observation. If the latter 
be the case, add a note to that effect. In the same manner, should 
clouds be disappearing by evaporation, let this be carefully noted. 
It win sometimes happen that when cumuli are disappearing by 
evaporation they become so thin that they appear almost like low 
cfm; care will therefore be necessary not to enter the wrong 
name. Two or more strata of clouds may be recorded by being 
entered with a line or lines drawn between their names, thus : — 


cir 


Thin cum 


N.W. 

S.W. 


Heavy cum S.W. fast 

where three strata are shown, together with the directions whence 
they are moving. 

6. fTeofAer.— The letters of the Beaufort notation are to be 

used in the Weather columns, the symbols in the Eemarks column. 
There are three of the letters of the Beaufort notation which refer 
to the amount of cloud, b. ’’ c. ’’ and o.” ; it is obvious that for 
any observation at a definite hour only one of these letters is admis- 
sible, thus, the weather cannot possibly be b and at the same 

time. In the columns for the " Weather since last observation,” 
it may be necessary to enter the weather for two or more inter- 
vals. When thie is the case, each period should be separated 
by a comnia; thus, b,c,op,g,'" will show that the weather 
after being fine became overcast and showery, and afterwards 
gloomy, without rain. As the letter ^^p.” when used alone, 
means « passing showers of rain,”, the letters ^^pr” should not 
he used together to signify showers of rain ; but "ps ” or ph ” 
may beW for ^ showers of snow " or « hail ”, as the case may be, 
^d phr will naean showers of haft and rain,” &c. In noting 
IMos give the estimated length of their radius in degrees, and say 
'tyhefter the ring or rings W prismatic colours. Let Auroras be 
c^efMy noted, both as to the direction in which they are seen, 
the altitude to which they extend, duration, colours, and brilliancy. 

7. Supposing the gauge to be properly fixed and 
exposed, let the water be poured steadily into the measuring 
gass, which must be standing on a perfectly level surface, so 
that none may be spilt, and enter the reading in the “rough 
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look,” before the -water is poured away. In entering the Hours of 
Bain! let only that period be recorded during which rain was 
actually falling, to the best of the observer’s knowledge. When 
the rainfall has been much heavier during one part of a day than 
at others, let a note be added to that effect in the “ Bemarks ” 
column. 

It is not pretended that every remark necessary has been 
made above; but sufiScient is stated to show the nature of the 
matters to which the greatest attention should be paid ; and it is, 
moreover, believed that observers, by careful attention to them, -will 
catch some idea of the spirit of watchfulness for changes in the 
weather which should be manifested at a good station. 

In App. III. will be found the circular letter of questions ad- 
dressed to aU observers at stations of the second order, in connec- 
tion with the Meteorological OfiS.ce. 

NOTES ON THE CAIiCULATION OF 
MEAN BESHLTS. 

When summing the various columns in order to obtain the Use of 
mean values, a very considerable saving of time can be effected by constants, 
the use of constants. Let us suppose, for example, in the case 
of a column of barometrical observations for a month of 31 days, 
that it is evident by a mere glance at the individual observations 
that the mean will be 29 inches and a decimal: when summing this 
column, it is preferable not to sum the whole numbers of the inches, 
but to reject 29 inches as a constant, and merely sum the decimal 
parts. Let us suppose that the sum of the decimal figures in 
tins column is 18-738, and that in the whole nunabers of inches, 

30 occurs five times, and 28 once, so that adding 1 for each 
30, (its excess on the constant 29), and taking off 1 for 28, (the 
amount of its defect on 29), we get 18 4- 5 1 = 22. The 

obtained by thus rejecting 29 inches, being accordingly 22-738, 
this sum is 29 *000 inches x 31 (the number of observations), 
or 899 • 000 less than that obtained by simple sumnaation ; of course, 
when the sum is divided by the number of observations, the constant 
(29 inches) will be prefixed for the mean. 

Constants should also be used when summing the columns for 
the dry and wet thermometers Vapour Tension and the ma^um 
and minimum temperatures. 

Care being necessary that the values thus thrown out should be 
correctly prefixed to the mean result, it is a good plan to enter 
-the constant used in a bracket (29-0) at the foot of its proper 

column. . xi. u 

This use of constants, although in no way affecting the resulte 
obtained, is strongly recommended as a useful course to be adopted, 
and it will be seen that they can be employed very extensively m 
work of this description. 
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APPENDIX I. 


EXPLANATION OP THE TABLES. 


Tablk I. contains the correction to be applied to the readings of barometers 
paounted in brass frames, in order to reduce them to the normal temperature, 
32°. It has been computed from the following formula given by Schumacher — 

Correction = - ft ^ T/ ~ 

1 + wi (# — 32) 

in which 

h. = reading of the barometer^ 

t = temperature of attached thermometer, 

«i = expansion of mercury for 1° F., taken as * 0001001 of its length 
at 32®, 

5 = expansion of the substance of which the scale is made ; for brass 
s is taken as * 00001041 of its length (A) at the standard tern-* 
perature for the scale, viz., 62® F. 

Table II. is for reducing to the sea-level observations ofthe barometer made 
at any height not exceeding 1,600 feet. It is given for two pressures at the 
lower station, namely, 30 and 27 inches. For intermediate pressures, the 
correction may be obtained by proportional parts. 

For heights exceeding those given in the Table, the value at the sea-level, 
of a barometer reading at a station, the height of which is known, may be 
calculated from the foUowing formula : — ' 

From a table of common logarithms, the natural number corresponding 
to log ^ found ; or, = ti. 

And h=znh!. 


In this formula— 

h and 'h! = barometer reduced to 32® F. at the lower and upper stations 
respectively, 

t and f = the temperature of the air at the respective stations, 
f — elevation of upper station in feet, 

I = latitude of the place. 

The above formula is merely an inversion of the well-known formula given by 
Laplace in his Micanique Cileste, for finding the ^fference of elevation between 
any two places by means of the barometer, which, adapted to Fahrenheit’s 
thermometer and English feet and inches, is, — 


/=60159 \ogh fl + ’00268 cos 2 zUl + 

° ft' V 900 / \ )\ 20886861 


\ 


10443430/ 


In this formula/ is the difference of elevation between the two stations, and 
X is the height of the lower station above the sea-level. 

In the last factor an approximate value must be used for/. 

Table III. is for converting the reading from barometers having milli- 
metre scales, into English inches. 


Table IV. is for converting the readings from barometers having inch 
scales into millimetres. 

They are computed from Captain Kater’s determination of the length ofthe 
French metre in English inches (see Phil. Trans, for 1818, p. 109), viz., 
1 metre at 32® F. = 39-37079 inches at 62® F. 

Before using the Tables, the barometer observations must be reduced to the 
normal temperature of 32® F., as per Table I., if the scale be English; but if 
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it be a French scale, the French Table for the purpose must be employed, for 
which see Guyot’s “ Tables — Meteorological and Physical,” published by the 
Smithsonian Institution. 

Table V. is for converting the readings of barometers having old French 
scales (Paris Lines) into English inches. 

The standard temperature for Paris lines in 61° *25 F., and for English 
inches 62° F. The Table supposes the barometric height to be reduced to 32°, 
and expressed in Paris lines at the temperature 61° *25, and gives the equi- 
valents in inches at 62°. If used reversely the barometric height in inches 
should be reduced to 32° by Table I., before the corresponding value in lines is 
sought. As, however, the standard temperatures for the scales are so nearly 
alike, the consideration of their temperature may be practically disregarded. 

Table VI. is for converting the readings of thermometers having Centigrade 
scales into Fahrenheit. 

Table VIL is for converting the readings of thermometers having Fahren- 
heit scales into Centigrade. 

Table VIII. is for converting the readings of thermometers having Reau- 
mur scales into Fahrenheit. 

Table IX. for facilitating the conversion of Rainfall measurements in milli- 
meters (1-240) into inches, is baaed upon the value of the metre in inches at 
equal temperatures in ordinary air, namely 1 metre = 39*38203 inches. {See 
Appendix to the Fifth Report of Standards Commission, p. 186.) 

Table X. for facilitating the conversion of Rainfall measurements in inches 
(0*1-20-9) into millimetres, is based upon the value of the yard in relation to 
the metre at equal temperatures in ordinary air, namely 1 yard = 0*91412 metre. 
{See Appendix to the Fifth Report of Standards Conunission, p. 186.) 


34072. 


F 
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Table I. — Correction to be applied to Barometers ^titb Brass Scales^ extending 
from the Cistern to the top of the Mercurial Column, to reduce the observation 
to 82 °E'alir^eit. 









INCHES . 








m 


4-6 2 

S -0 2 

16*6 S 

ii 

S 6-6 i 

37-0 i 

J 7*6 


28*6 S 

HI 

39*6 

HI 

1 

1 

Temi 


+ 

+ 

+ 
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+ 

+ 

+ 

+ 

+ 
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+ 

+ 


0 • 

061 

063 • 

064 • 

065 

067 * 

068 

069 * 
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072 * 
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074 • 
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077 • 
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0 

1 • 

059 

061 • 
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064 • 
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1 
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067 

068 • 
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0^6 
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TABLE I. — continued. 


INCHES. 
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1 
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J 9-0 
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— 
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060 • 

062 

063 

064 • 

065 • 

066 

067 • 

068 

070 • 
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55 

067 * 

068 

069 
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60 
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67 
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TABLE IL 

Table for reducing Observations of the Barometer to Sea Level, 
Correction additive. 

(Barometer Beading at Sea Level, 30 inches.) 


.a 

TEMPEBATTJBB OF EXTERNAL AIR-DBGRBBS FAHRBNl 

JBIT. 


Height m 

1 Feet. 

■as ■ 
_ 

W 

20'^ - 

10° 

0° 

10° 

20° 

B0° 

40° 

50° 

60° 

70° 

80° 

90° 

L00° 

10 

013 • 

013 

012 

012 

•012 

•012 

•on 

•Oil 

•Oil 

•on 

•010 

■010 

*010 

10 

20 

026 
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025 

024 

*023 

•023 

*023 

•022 

•022 

•021 

•021 

•020 

*020 

20 

SO 

•089 

038 

037 
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•086 

•034 

•034 

•033 

•032 

*032 

•031 

•080 

•030 

30 

40 

•062 
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•049 
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•047 
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*044 

•043 
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•041 
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40 
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•066 
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•069 

•068 

•066 

•055 

•054 

•053 

*062 

*061 

*060 

60 

■1 

•077 

*076 

•074 

•072 

•070 

•069 

•068 

•066 

■065 

*063 

•062 

•061 

*069 

60 

mm 

•090 

•088 

*086 

*084 

•082 

•081 

•078 

•077 

•076 

•074 

‘072 

•071 

•069 

70 

80 

•108 

•101 

•098 

•096 

•094 

•092 

*090 

*088 

•086 

*084 

•082 

•081 

•079 

80 

90 

•U6 

•ns 

•in 

•108 

•106 

•104 

•101 

■099 

•097 

•096 

•093 

•091 

•089 

90 

100 

•129 

•126 

•128 

•120 

•n7 

•116 

•112 

•no 

•108 

•106 

•103 

•101 

•099 

100 

no 

•142 

*189 

•135 

•182 

•129 

*126 

•123 

•121 

•119 

•116 

•113 

•111 

•109 

no 

120 

•166 

•161 

•148 

•144 

•140 

*188 

•134 

•182 

■129 

*126 

•124 

•121 

•119 

120 

ISO 

•168 

•164 

•160 

•166 

•162 

•149 

*146 

*143 

*140 

•137 

*134 

•181 

•129 

130 

140 

*181 

•176 

•172 

•168 

•164 

•161 

*167 

*154 

•151 

*147 

•144 

•141 

•189 

140 

160 

•194 

•189 

•186 


•176 

•172 

•168 

•165 

•162 

•158 

•166 

•162 

•149 

160 

160 


roni 

•197 

•192 

•187 

•183 

•179 

•176 

•172 

•168 

BO 

•162 

•168 

160 

170 

•219 

•214 

m!m\ 


•199 

•195 

•190 

•187 

•183 

•179 

•176 

•172 

•168 

170 

180 

•232 

•227 

•222 

•216 

■211 



•198 

•194 

•189 

•185 

•182 

•178 

180 

190 

•246 

•289 

•234 

*228 

•222 

•218 

•218 


m 

mm\ 

•196 

•192 

•188 

190 


•268 

•262 

•246 

WSm\ 

•234 

•229 

■224 

B5!i 

•216 

*210 

•206 

Kim 

*198 

Em 

210 

•271 

•264 

•268 

•262 

•246 

‘240 

•236 

•281 

•226 

•221 

•216 

•212 




•284 

•277 


*264 

•267 

•252 

*246 

•242 

•286 

•231 


•222 

•218 

220 



•289 

•283 

•276 

•269 

*263 

•257 

•263 

•247 

•242 

KB 

•232 

•228 

230 



1^ 

•295 

•288 

•281 

•276 

•269 

•264 

•268 

•262 


•242 

■238 

240 

260 

•822 

•314 

•307 

•300 

•293 

•286 

•280 

•276 

•269 

•263 

•268 

•253 

•248 

260 

260 

•886 

•327 

•319 

•sn 

•804 

•297 

•291 

•285 

*279 

•278 

•268 

•263 

•267 

260 

270 

•348 

•339 

•331 

•323 

•316 

*309 

•802 

•296 

•290 

•284 

•278 

*273 

•267 

270 

280 

*860 

•362 

•344 

•885 

•328 

•320 

•814 

•307 

•301 

•294 

•288 

•283 

•277 

280 

290 

•878 

•364 

•366 

•347 

•839 

*332 

•325 

•818 

•3n 

•805 

*299 

•293 

•287 

290 

300 

•386 

•877 

•368 

•359 

•861 

•343 

•836 

•829 

•322 

•816 

•809 

•303 

•297 

300 

810 

•399 

•389 

*380 

•371 

•363 

*354 

•847 

•340 

*333 

•326 

•319 

•313 

•807 

310 

320 

•412 

•402 

•392 

•383 

•374 

•366 

*368 

*351 

•343 

•836 

•829 

•823 

•817 

320 

830 

•424 

•414 

*404 

•895 

•886 

•377 

•869 

*862 

•364 

•847 

•840 

•383 

•326 

380 

340 

•437 

•427 

*416 

•407 

•397 

•389 

•880 

•373 

•366 

•867 

•360 

•343 

•836 

840 


•460 

•439 

*439 

•419 

•409 

•400 

•392 

•384 

•376 

•368 

•360 

■363 

•346 

860 

m 

•463 

*461 

*441 

•430 

•421 

•411 

•408 

•394 

•386 

•378 

■370 

•363 

•366 

860 

37C 

•476 

•464 

•453 

•442 

•432 

•423 

*414 

•406 

•897 

•389 

•380 

•873 

•366 

370 

38( 

•488 

•476 

•465 

*454 

*444 

*434 

•426 

•416 

•408 

•399 

•891 

•883 

•376 

880 

39( 

•601 

•489 

•477 

•466 

•466 

•446 

•436 

•427 

•418 

•410 

•401 

•393 

•886 

390 

40 

3 -614 

IIS 

•489 

•478 

■467 

•467 

•447 

■438 

•429 


•411 

IIIB 

•396 

400 

41 

3 -627 

*513 

in 

•490 

•479 

•468 

•468 

•449 



•421 

•413 

mm 

410 


0 -ess 

•62€ 

*618 

in 


IBl 

•469 

•460 

IBIin 

•441 

•431 

•42S 

•416 

420 

43 

0 *655 

*63fi 

•625 

•613 

•602 

•491 

lEl 

•470 

•461 

•461 

•442 

•433 

*426 

430 

44 

0 -eof 

•66] 

*537 

•626 

•613 

1^^ 

•491 

•481 

•471 

•462 

*462 

*443 

•434 

440 

45 

0 •67i 

*56i 

1^ 

*637 

•626 

•618 

In 

•492 

•482 

•472 

iWM 

•463 

•444 

460 

40 

0 -SOi 

m 

•66S 

•64£ 

•537 

■625 

•614 

iPliw 

•493 

•482 

•472 

■463 

*464 

460 

47 

0 *60, 

•68i 

■ *67^ 

*661 

*648 

•636 

•626 

•514 

Wm 

•493 

*482 

•473 

•464 

m 

48 

0 -61 



•67S 

in 

•647 

•636 

*524 

•614 


•498 

•483 

•474 

480 

4S 

10 *62! 

3 -eij 

*595 

•68^ 

•57] 

•66S 

•547 

•635 

•624 

•614 

in 

•468 

•483 

490 

SG 

fO *64 

1 *621 

•61( 

•69( 

•B8£ 

IB 

•568 

*546 

•636 

•624 

I *613 

•60S 

•493 

600 
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TABLE II. — coalinvfid. 
(Barometer Beading at Sea Level, 27 inclies.) 




























Heiglit in 
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TABLE II. — cotiUhued, 

(Batometer at Sea Level, 80 inches*) 

TEMPBEA-TUBiB OT EXTERNAL AIR— DIGEEBS FAHRENHEIT. -S 

45 13 * 1 ^ 

s Ss 

- 20 ® - 10 ° 0 ® 10 ° 20 ° 30 ° 40 ° 60 ° 60 ° 70 ° 80 ° 90 ° 100 ° 

n ' 


610 *664 
620 *666 
680 *679 
540 *691 


•669 * 567 *645 *634 '623 -613 ‘ 603 610 

•680 *668 *666 *646 * 633 ' 628 - 613 620 

•691 *678 *666 *665 ‘544 *533 *622 630 

•602 - 689 - 677 *666 * 654 * 643 * 632 640 



•704 

•687 

•670 

•666 

•640 

•626 

•613 

•600 

•587 

•676 

•664 

*563 

*717 

•699 

*683 

•667 

*662 

•688 

*624 

*611 

•698 

•686 

•674 

•503 

•729 

•712 

•696 

•679 

•668 

•649 

•635 

•622 

•608 

•696 

*684 

•673 

*742 

•724 

•707 

•690 

•676 

1 *660 

•646 

•682 

•619 

•608 

*696 

*683 

*754 

•787 

•719 

•702 

*686 

*672 

*667 

•643 

•629 

•617 

•606 

•693 



*003 

*691 

COO 

•613 

*601 

010 

*023 

*611 

620 

•083 

•620 

030 

*043 

*680 

640 



761 *746 

772 - 765 
782 *766 
798 *776 
804 *787 


•780 *716 
•740 -726 
•761 *738 
•761 *746 
*771 ‘756 


*702 *689 1 700 
*712 •698 1 710 
*722 *708 " 

*732 *718 
*742 * 728 


•956 

*933 

*911 

•891 

•870 

•861 

*833 

•816 

■797 

•782 

•767 

•762 

*738 

*968 

•946 

•922 

•902 

*881 

*862 

*848 

•826 

•808 

•792 

*777 

*761 

•747 

•980 

*957 

*934 

*914 

*893 

•873 

•864 

•886 

•818 

•802 

•787 

i-t 

*767 

•993 

*970 

*946 

•926 

•904 

•885 

*886 

•847 

•829 

•812 

•707 

■781 

•767 

L -005 

*982 

•958 

•987 

*916 

•896 

•876 

•867 

*889 

•823 

•807 

*791 

•776 
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TABLE n, — continued. 


(Barometer at Sea Level, 27 incheB.) 
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TABLE n. — conUnued. 
(Barometer at Sea Level, 30 inches.) 
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XA3LE II, — continued^ 
(Barometer at Sea Level, 27 inches.) 


TEMPBRATUEB OF EXTERNAL AIR-DEOREES FAHRENHEIT. 








a 


20 ° 

SO ® 

40 ® 

60 ® 

60 ° 70 ° 

80 ° 90 ® 100 ° 




1,050 


1*162 

1*124 

1*098 

1*072 

l * 04 i 9 

1*026 

1*004 

0*983 

0*962 

0*948 

0*924 

0*907 

0*890 

1*163 

1*136 

1*108 

1*083 

1*069 

1*036 

1*018 

0*992 

0*972 

0*962 

0*938 

0 * 9 i 3 

0*898 

1*174 

1*146 

1*119 

1*093 

1*069 

1*046 

1*023 

1*002 

0*981 

0*962 

0*942 

0*924 

0-907 

1*186 

1*167 

1*129 

1*104 

1*079 

1*066 

1*088 

1*011 

0*991 

0*971 

0*961 

0-9331 

0*916 

1*196 

1*168 

1*140 

1*114 

1*090 

1*066 

1*043 

1*021 

1*000 

0*980 

0*960 

0*942 

0*924 

1*208 

1*178 

1*161 

1*124 

1*100 

1*076 

1*062 

1*031 

1*009 

0*989 

0*969 

0*951 


1*219 

1*189 

1*161 

1*135 

1*110 

1*086 

1*062 

1*040 

1*019 

0*998 

0*978 

0*960 

0*941 

1*280 

1*200 

1*172 

1*145 

1*120 

1*096 

1*072 

1*060 

1*028 

1*008 

0*987 

0*968 

0*960 

1*241 

1 1*211 

1*182 

1*166 

1*130 

1*106 

1*082 

1*059 

1*088 

1*017 

0*996 

0*977 

0*958 




1*688 1*600 1*663 1*527 l * 4 i 9 S 1*460 1*429 1*309 1*371 1*344 1*318 1*292 1*267 1,460 
1*649 1*610 1*672 1*637 1*603 1*470 1*439 1*408 1*380 1*368 1*826 1*300 1*276 1,460 

1*660 1*621 1*683 1*647 1*613 1*480 1*448 1*418 1*889 1*362 1*336 1*809 1*284 1,470 

1*671 1*682 1*693 1 * 66 S 1*623 1*489 1*458 1*427 1*399 1*371 1*844 1*318 1*293 1,480 

1*682 1*642 1*604 1*608 1*683 1*499 1*467 1*437 1*408 1*880 1*363 1*326 1*801 i ;490 

1*690 1*053 T014| 1*678 1*543 1*509 1*477 l*41i{5 1*417 1*389 1*302 l*;i;56 1*310 1,600 
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TABIE HL 

CoMPiBisoN of the Mbtbio and Ehghsh EABOMHim SoAusfi. 
(1 Metre = 39*87079 laches.) 


Tentlis of a Millimetre . 


Milli - 


metres . ' 

0 

1 

2 

3 

4 

5 

6 

1 

8 





Englisli Inches . 

♦ 



706 

27*766 

27*760 

27*764 

27*768 

27*772 

27*776 

27*780 

27*784 

27*788 

6 

•796 

•800 

*804 

*808 

*812 

•816 

•819 

•823 

*827 

7 

•886 

•839 

*843 

'847 

•861 

*866 

•869 

*863 

*867 

8 

•876 

•878 

*882 

•886 

*890 

*894 

•898 

*902 

•906 

9 

27-914 

27-918 

27*922 

27*926 

27*980 

27*934 

27-938 

27*041 

27*945 

m 

27-968 

27*967 

27*961 

27*966 

27*969 

27*973 

27*977 

27*981 

27*986 

1 

27*993 

27*997 

28*001 

28*004 

28*008 

28*012 

28-016 

28*020 

28*024 

2 

28*082 

28*036 

•040 

*044 

•048 

*062 

•066 

‘000 

•003 

S 

*071 

*076 

•079 

*083 

*087 

•091 

•096 

•099 

*103 

4 

28*111 

28*116 

28*119 

28*123 

28*126 

28*130 

28*134 

28*138 

28*142 

716 

28*150 

28*164 

28*168 

28*162 

28*166 

28*170 

28-174 

28*178 

28*182 

6 

*189 

•193 

•197 

•201 

•206 

*209 

*213 

*217 

•221 

7 

•229 

•283 

•237 

*241 

*246 

*249 

•262 

•266 

*260 

8 

•288 

•272 

*276 

*280 

•284 

•288 

•292 

•296 

•800 

. 9 

28*808 

28"812 

28*316 

28*319 

28*823 

28*827 

28-331 

28-336 

28*839 

720 

28*847 

28*361 

28*366 

28*369 

28*863 

28*807 

28*871 

28-875 

28*878 

1 

*386 

•890 

•894 

•398 

•402 

*406 

•410 

*414 

•418 

2 

•426 

•480 

•434 

*438 

•441 

*445 

*449 

•453 

*467 

3 

•465 

•469 

•473 

*477 

•481 

•486 

*489 

•493 

*407 

* 

28*504 

28*608 

28*612 

28*516 

28*620 

28*524 

28-628 

28-632 

28-080 

728 

28*644 

28*548 

28*662 

28*666 

28*560 

28*604 

28*667 

28-571 

28*676 

6 

•683 

*687 

*691 

•696 

•699 

•603 

•607 

•611 

•016 

7 

•628 

•627 

•680 

*634 

*638 

*642 

•646 

•060 

*064 

8 

•662 

•666 

*070 

•674 

•678 

*082 

•686 

•680 

*693 

9 

28*701 

28*706 

28*709 

28-713 

28-717 

28*721 

28-726 

28*729 

28*783 

780 

28*741 

28*746 

28*749 

28-762 

28*766 

28*760 

28*764 

28-708 

28*772 

1 

•780 

*784 

•788 

•792 

*796 

• *800 

•804 

•808 

*812 

2 

•819 

•823 

oc 

•831 

•836 

*839 

*843 

•s^w 

*861 

3 

*868 

•863 

•867 

•871 

•876 

*878 

•882 

•880 

*890 

4 

28*898 

28*902 

28*906, 

28-010 

28*914 

28*918 

28-922 

28-026 

28*930 

736 

28*938 

28*941 

28*946 

28-949 

28*963 

28-057 

28*981 

28-906 

28*060 

6 

28*977 

28*981 

28*986 

28*989 

28*905 

28-997 

29-001 

20-004 

20*008 

7 

29*016 

29*020 

29*024 

29*028 

29-032 

29 -030 

•040 

*044 

*0-48 

8 

*066 

•060 

•064 

■067 

*071 

*076 

•079 

•083 

*087 

9 

29*096 

29*099 

29*103 

29*107 

29-111 

29-115 

29*119 

29-128 

29*127 

740 

29*134 

29*138 

29*142 

29*146 

29*160 

29*164 

29-158 

20*162 

29*166 

1 

*174 

•178 

*182 

*186 

•190 

•193 

*197 

•201 

*206 

2 

•213 

•217 

‘221 

*225 

•229 

*233 

*237 

•241 

*245 

3 

•252 

*266 

*260 

*264 

•268 

*272 

*276 

*280 

*284 

4 

29*292 

29-206 

29*300 

29-304 

29*308 

29*312 

29-315 

29-319 

29*323 


0 


27- 792 
*831 
*871 
•010 

27*0< li 9 

27*989 

28*028 

*007 

•107 

28- 140 

28*180 

•226 

•264 

•a04 

28*848 

28*882 

•422 

*401 

•601 

28*640 

28*670 

*619 

*668 

•697 

28*737 

28*770 

•810 

*855 

*894 

28*934 


28*973 

29*012 

*052 

*091 

29*130 

29*170 

•209 

*249 

*288 

20*327 
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TABLE m. — continued. 

Comparison of tho Mbtkic and English Barometer Scales. 
(1 Metre = 39^37079 Inches.) 

I Tenths of a Millimetre. 


English Inches. 

745 29-331 I 29*335 I 29*339 1 29*343 I 29-347 I 29*361 I 29*355 1 29*359 I 


•371 -376 

•410 *414 

•41i9 *'4i63 


*376 *378 

*414 ‘418 


•382 -386 *390 * 394 

*422 -426 *430 *484 


29-489 29*493 20*407 29-601 

29-628 29-632 20*536 29*640 

•667 *671 *576 * 679 

•607 *611 *616 *619 

•64C *050‘ *664 * 668 

29*686 29-(500 29-693 29-607 


•466 1 *469 *473 *477 *481 


59-363 S 

29*367 

•402 

*406 

•441 

•4i5 

•481 

*485 

29-620 : 

29-524 

29-660 

29*504 

•699 

•603 

•638 

•6-12 

*678 

•682 

29-717 

20*721 


29-726 29*720 29*7il3 29*737 20*741 


29*882 20-880 20*890 20*804 29*i 

20*022 29-926 20-930 29-934 29* 

29*901 20-966 29-000 29-973 29* 

80*001 30*004 30*008 30-012 30* 

•040 *044 -Ol-S *063 

30*079 30*083 30*087 30-091 30* 

30*119 30*123 30*127 30*130 30' 

*168 *102 *160 *170 

•107 *201 *205 *200 

•237 *241 -245 -2-10 

30*276 30*280 30*2H4 30*288 30 


29-740 

29*763 

29*766 

29-760 



•788 

*792 

*796 

•800 



*827 

■831 

*835 

•889 


*867 

*871 

*875 

•878 _ 

JCTcjIxLS* 

: — 1 

29*906 

29*910 

29*914 

29*918 

Mill. 

Inch. 

29-945 

29*949 

29*953 

29*957 

1 

0*0394 

29-985 

29-989 

1 29*993 

29*997 

2 

*0787 

30-024 

1 30-028 

30*032 

30*036 

1 3 

•1181 


I 30*009 30-103 30-107 30-111 30-115 


30*138 30-142 
■178 -182 

*217 -221 

■256 *260 ' 

30*290 30-300 


30*160 30*164 
•190 *193 


30-304 30-308 30*312 ! 


30-310 30*319 30*323 30*327 30*831 30*336 30*339 30-343 SO'S^T 30*361 

*366 *359 - 363 *307 ’371 *375 '379 *382 *386 *390 

*394 *398 * 402 *406 *410 *414 *418 *422 *426 ‘430 

*434 *4138 *441 *446 *449 '453 *457 *461 *465 *469 

30*473 30*477 30*481 30-486 30-489 30*493 30*407 30*501 30’604 30*608 

30*512 30*510 30*620 30*624 30*628 30*632 30*636 80*640 30*644 30'548 

•662 - 566 * 600 * 604 * 667 *671 -675 - 579 * 683 *587 

•591 *695 * 691 ) ’ C03 * 607 * 011 '616 *619 *623 *627 

*680 * 634 * 038 * 642 *646 *050 *654 '668 *662 *666 

30*070 30*074 30*078 30*082 30*086 30*090 30*093 30*097 30*701 30*705 


30-700 30-733 30*717 

•740 -m -756 

•788 *792 * 790 

•827 *831 -ass 

•807 *871 *87C 

30-906 30-91 30*9141 


30*721 30-725 30-729 30*733 30-737 30*741 30-745 

•700 -764 *708 *772 *776 * 780 '784 

•800 *804 *808 *812 *816 *819 *823 

*839 'SiS *8(17 '861 *855 * 869 * 863 

•879 *882 *886 *800 *894 *898 *902 

30*018 30*922 30*920 30*930 30*934 30*938 30-942 
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TABLE rV. 

Comparison of the Enomsh and Metric Barometer Scales. 
(1 inch = 25*39954 millimetres.) 




27*0 686*79 686*04 686*30 686*66 686*80 687*06' 687*31 687*67 687*82 688*07 

•1 688*33 688*68 688*84 689*09 689*84 689*60 689*86 600*11 690*86 090*61 

•2 690*87 691*12 691*38 691*63 691*88 692*14 692*39 092*66 002*90 693*16 

*3 693*41 693*66 693*92 694*17 694*42 694*68 694*93 696*19 696*44 695*69 

•4 696*96 696*20 696*46 696*71 696*96 697*22 697*47 697*73 697*98 698*23 


698*49 698*74 


1*00 699*26 699*60 699*76 700*01 700*27 700*62 700*77 


•6 701*08 701*28 701*64 701*79 702*04 702*30 702*66 702*81 703*00 703*31 

•7 703*67 703*82 704*08 704*33 704*68 704*84 706*09 705*36 706*60’ 706*85 

•8 706*11 706*36 706*62 706*87 707*12 707*38 707*63 707*89 708*14 708*39 

•9 708*66 708*90 709*16 709*41 709*66 709*92 710*17 710*43 710*68 710*93 


28*0 711*19 711*44 711*70 711*95 712*20 712*46 712*71 712*97 718*22 718*47 

-1 713*73 718*98 714*24 714*49 714*74 716*00 716*26 716*51 716*76 716*01 

•2 716*27 716*62 716*78 717*03 717*28 717*64 717*79 718*04 718*80 718*65 

•5 718*81 719*06 719*31 719*67 719*82 720*08 720*33 720*68 720*84 721*00 

•4 721*36 721*60 721*86 722*11 722*36 722*62 722*87 723*12 728*38 723*63 

*6 723*89 724*14 724*39 724*66 724*90 726*16 726*41 726*66 725*02 726*17 

•6 726*48 726*68 726*93 727*19 727*44 727*70 727*96 728*20 728*46 728*71 

*7 728*97 729*22 729*47 729*78 729*98 730*24 730*49 780*74 731*00 731*26 

•8 731*51 781*76 732*01 732*27 782*62 732*78 733*03 733*28 733*64 738*79 

*9 734*06 734*80 734*66 734*81 735*06 786*82 736*07 736*82 736*08 736*33 

29*0 736*69 736*84 737*09 737*36 737*60 737*86 738*11 738*30 738*02 738*87 

*1 739*13 739*38 739*63 739*89 740*14 740*40 740*65 740*90 741*10 741*41 

•2 741*67 741*92 742*17 742*4 i 3 742*68 742*94 74'3*19 743*44 7<16*70 743*95 

•8 744*21 744*46 744*71 744*97 745*22 746*48 746*73 746*98 746*24 746*40 

•4 746*75 747*00 747*25 747*61 747*76 748*02 748*27 748*62 748*78 749*03 


749*29 749*64 749*79 760*06 760*30 760*66 760*81 761*06 761*32 761*67 

751*83 752*08 752*83 ■762*59 762*84 763*10 753*36 763*60 763*86 764*11 

75 Ji *87 764*62 754*87 756*13 755*38 765*64 755*89 760*14 766*40 756*65 

756*91 757*16 757*41 757*67 757*92 708*18 768*43 768*03 768*94 760*19 

759*45 769*70 769*95 760*21 760*46 760*72 760*97 761*22 761*‘ Ji 8 761*73 
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TABLE IV.— cowtiwMfirf, 


CoMPAMSON of the English and Metric Barometer Scales. 
CX inch. = 25*39954 millimetres.) 








TABLE V. 

C0MPARIS02T of the Old French and English Barometers. 
(1 Paris Line =0*088814 English Inch.) 



25 inches. Eng, in. Eng. in. Eng. in. Eng. in. Eng. in. Eng. in. Eng. in, Eng. in. Eng. in. Eng. in. 
800 26-644 26*663 26*662 26*671 26*680 26*689 26*697 26*706 26*715 26*724 

301 26*738 26*742 26*761 26*760 26*769 26*777 26*786 20*795 26*80'li 26*813 

302 26*822 26*831 26*840 28*848 26*867 26*866 26*875 26*884 26*893 26*002 

SOS 26*911 26*920 26*928 26*937 26*946 26*966 26*964 26*978 20*982 20*091 


26 inches. 
312 
318 

814 

815 


27 inches. 

324 

325 

326 
337 


28 inches. 
336 
887 


26*999 27*008 27*017 
27*088 27*097 27*106 
27*177 27*186 27*196 
27*266 27*276 27*284 

27*866 27*864 27*372 
27*444 27*452 27*461 
27*632 27*641 27*650 
27*621 27*630 27*639 

27*710 27*719 27*728 
27*799 27*808 27*817 
27*888 27*898 27*906 
27*970 27*986 27^994 

28*066 28*074 28*083 
28*164 28*163 28*172 
28*243 28*262 28*261 
28*332 28*341 28*349 

28*420 28*429 28*438 
38*609 28*618 28*627 
28*698 28*607 28*616 
28*687 28*096 28*706 


28*786 28*793 28*802 
28*873 28*882 28*891 
28*962 28*971 28*980 
29*051 29*060 29*069 

29*140 29*149 22*158 
29*229 29*238 29*246 
29*818 29*326 29*386 
29*406 29*415 29*424 

29*495 29*604 29*613 
29*584 29*593 29*602 
29*673 29*682 29*691 
29*762 29*770 29*779 


27*026 27*036 
27*115 ^*124 
27*204 27*213 
27*293 27*801 

27*881 27*890 
27*470 27*479 
27*669 27*668 
27*648 27*667 


27*044 27*053 
27*138 27*142 
27*221 27*230 
27*310 27*819 

27*399 27*408 
27*488 27*497 
27*577 27*686 
27*666 27*674 


27*062 27*071 27*079 
27*160 27*169 27*168 
27*289 27*248 27*267 
27*328 27*837 27*340 

27*417 27*420 27-436 
27*606 27*616 27-623 
27*595 27-CO8 27*612 
27*683 27*692 27*701 


27*746 27*764 
27*834 27*843 
27*928 27*982 
28*012 28*021 

28-101 28*110 
28-190 2^*198 
28-278 28*287 


28*456 28*465 
28*645 28*664 
28*634 28*643 
28*722 28*781 

28*811 28*820 
28*900 28*909 
28*989 28*998 
29*078 29*087 
29*167 29*176 
29*266 29*264 
29*844 29*863 
29*483 29’442 

29-622 29*631 
29 -6] 1 29*619 
29'699 29*708 
29*788 29*797 


27*768 27*772 27*781 
27*852 27*861 27*870 
27*941 27*960 27*969 
28*080 28*089 28*047 

28-119 28*127 28*136 
28*207 28*216 28*226 
28-296 28*806 28*814 
28*385 28*394 28*403 

28*474 28*488 28*492 
28*663 28*671 28*680 
28*661 28*660 28-060 
28*740 28*749 28*758 


29-S4fl 29-860 29-869 29-868 29-877 29-886 29-896 29-9M 29-91S 29-921 

29- 980 29-9S9 29-948 29-967 29-966 29-976 29-984 29-992 80-001 80-010 

80-019 30-028 80-087 80-046 80-066 30-064 30-072 80-081 80-000 80-M9 

30- 108 80-117 30-126 30-136 30-143 30-162 80-161 80-170 SO-^^ 
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TABLE V. — continued. 

Comparison of tlio Old Erench and English Barometers. 
(1 Paris Line=0' 088814 English Inch.) 


French 


Tenths oil a Lino. 


or Paris 
Linos. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

28 inches. 

Eng. in. 

Eng. in. 

Eng. in. 

Eng. in. 

Eng. in. 

Eng. in. 

Eng. in. 

Eng. in, 

Eng. in. 

Eng. in. 

m 

80-197 

30-206 

30*216 

30*238 

30-232 

80-241 

30*260 

30-259 

80*268 

30-277 

m 

80-286 

80-294 

80*303 

80*312 

80-821 

80-330 

30*389 

80-348 

80*367 

30*806 

842 

30-374 

30-388 

30*392 

30-401 

30*410 

30*419 

30*428 

30*437 

80*446 

30*464 

843 

80*408 

80-472 

30*481 

38*490 

30-4i09 

80*608 

80*516 

80-626 

30*634 

80-643 

344 

80*652 

80*661 

80-670 ' 

30-679 

30*688 

30-696 

30*606 

80-614 

80*623 

80-632 

845 

30*641 

30*650 

30*659 

30*667 

30-676 

30-686 

30-694 

80*703 

30*712 

30*721 

346 

30*780 

30-739 

30-747 

30*766 

30-765 

30-774 

80-783 

80*792 

36*801 

30*810 

347 

80*818 

80-827 

30-836 

30*846 

30*864 

30*863 

80-872 

30*881 

30-890 

30-898 

29 inches. 










30-987 

348 

30*007 

80*916 

30*925 

80-934 

80-9^13 

80-052 

30-961 

80*969 

30-978 


Hundredths of a Line. 


1 1 

2 

1 ^ 

4 

5 

6 

7 1 

8 

9 





*0036 

•0044 ! 

-0063 

•0062 ^ 

1 -0071 1 

1 -0080 
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TABLE VI. 


CONYERSION of CeNTIGHUDB DEGREES into DEGREES of EAHRENnEIT. 
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TABLE VL — continued. 

Conversion of Centigrade Degrees into Degrees of Ealirenheit. 



04072, 


G 
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TABLE m 

Conversion of Degrees of Fahrenheit into Centigrade Degrees. 
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TABLE VII. — continued. 


Conrersion of Degrees of Fahrenheit into Centigrade Degrees. 
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TAJBLE VII. — continued^ 


Conversion of Degrees of Fahrenheit into Centigrade Degrees. 
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TABLE VII. — continued. 

Conversion of Degrees of Falirenheit into Centigrade Degrees. 


Degrees of 





Tenths of Degrees. 




JPah. 

0 

1 

2 

3 

4 

5 

6 j 

7 

8 

9 

+9? 

+86-0 

+86*1 

+36*1 

+36*2 

+36*2 

+36*3 

+36*3 

+36*4 

+36*4 

+86*6 

95 

36-6 

36*6 

36*7 

36*7 

86*8 

36*8 

36*9 

36*9 

30*0 

36*1 

96 

36*1 

36*2 

36*2 

36*3 

36*3 

36*4 

36*4 

86*6 

80*0 

36*6 

98 

86*7 

36*7 

36*8 

36*8 

36*9 

36*9 

37*0 

87*1 

37*1 

37*2 

99 

37*2 

87*3 

37*3 

37*4 

37*4 

37*6 

87*6 

87*0 

37*7 

37*7 

100 

37*8 

37*8 

37*9 

87*9 

88*0 

38*1 

88*1 

88*2 

38*2 

38*3 

101 

38*3 

88*4 

38*4 

38*5 

88*6 

88*6 

38*7 

38*7 

38*8 

38*8 

102 

38*9 

38*9 

39*0 

39*1 

89*1 

39*2 

39*2 

89*3 

89-8 

39*4 

103 

39*4 

39*6 

39*6 

39*6 

39*7 

39*7 

89*8 

89*8 

89*9 

39*9 

m 

40*0 

40*1 

40*1 

40*2 

40*2 

40*3 

40*3 

40*4 

40*4 

40*6 

105 

40*6 

40*6 

40*7 

40*7 

40*8 

40*8 

40*9 

40*9 

41*0 

41*1 

106 

41*1 

41*2 

41*2 

41*8 

41 *3 

41*4 

41*4 

41*6 

41*6 

41*0 

107 

41*7 

41*7 

41*8 

41*8 

41*9 

41*9 

42*0 

42*1 

42*1 

42*2 

108 

42*2 

42*3 

42*3 

42*4 

42*4 

42*6 

42*6 

42*6 

42*7 

42*7 

109 

42*8 

42*8 

42*9 

42*9 

43*0 

43*1 

43*1 

43*2 

48*2 

43*3 

110 

43*3 

48*4 

43*4 

43*6 

48*6 

43*6 

43*7 

43*7 

48*8 

48*8 

111 

43*9 

43*9 

44*0 

44*1 

44*1 

44*2 

44*2 

44*3 

44*3 

44*4 

112 

44*4 

44*5 

44*6 

44*6 

44*7 

44*7 

44*8 

44*8 

44*9 

44*0 

113 

46*0 

45*1 

45*1 

46*2 

45*2 

45*8 

46*3 

45*4 

46*4 

46*5 

114 

46*6 

45*6 

46*7 

46*7 

46*8 

46*8 

46*0 

45*9 

46*0 

46*1 

116 

46*1 

40*2 

46*2 

46*3 

46*8 

46*4 

46*4 

40*6 

46*0 

40*6 

116 

46*7 

46*7 

40*8 

46*8 

46*9 

46*9 

47*0 

47*1 

47*1 

47*2 

117 

47*2 

47*3 

47*8 

'47*4 

47*4 

47*6 

47*0 

47*6 

47*7 

47*7 

118 

47*8 

47*8 

47*9 

47*0 

48*0 

. 48*1 

48*1 

48*2 

48*2 

48*8 

119 

48*3 

48*4 

48*4 

48*6 

48*0 

48*0 

48*7 

48*7 

48*8 

48*8 

120 

48*9 

48*9 

48*9 

49*1 

49*1 

40*2 

49*2 

40*8 

40*3 

49*4 

121 

49*4 

49*5 

49*6 

49*6 

49*7 

49*7 

49*8 

49*8 

49*9 

49*9 

+122 

+60*0 

+60*1 

+60*1 

+60*2 

1 

+60*2 

+60*3 

+50*3 

+60*4 

+50*4 

+60*5 


34072. 


H 
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T-&BLE Vm. 

CoirviiEsioN of DB9BBBS of RBAnstuE into Dbgrbbs of EAiiMiininiT. 
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TABLE VIII. — continued. 

Conversion of Degrees of Reaumur into Degi*ees of Ealirenheit. 


Bogroes 


Toiitlis of Degi ’ ces . 


Roaumur . 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

+B 

+48*3 

+43*5 

+43*7 

+48*9 

+44*2 

+44*4 

+<41*0 

+4*1*8 

1 

+45*1 

+45*3 

6 

4 B*B 

46*7 

46*0 

46*2 

46*4 

40*6 

46*9 

47*1 

47*3 

47*5 

7 

47*8 

48*0 

48*2 

48*4 

48*7 

48*9 

49*1 

49*3 

49*6 

40*8 

8 

60*0 

60*2 

50*5 

50*7 

50*0 

51*1 

51*4 

51*6 

51*8 

52*0 

9 

B 2*3 

62*5 

52*7 

52*9 

53*2 

53*4 

53*6 

63*8 

54*1 

54*3 

10 

54*6 

54*7 

55*0 

65*2 

55*4 

65*6 

55*9 

66*1 

60*3 

56*6 

31 

56*8 

67*0 

57*2 

67*4 

57*7 

57*9 

68*1 

58*3 

68*6 

58*8 

12 

69*0 

59*2 

59*6 

60*7 

59*9 

60*1 

60*4 

60*6 

60*8 

01*0 

13 

61*3 

61*5 

61*7 

61*9 

62*2 

62*4 

62*0 

62*8 

63*1 

63*3 

14 

C 8*6 

63*7 

64*0 

64*2 

64*4 

64*0 

64*9 

65*1 

65*3 

05*5 

IB 

GB *8 

66*0 

66*2 

66*4 

66*7 

60*9 

67*1 

67*3 

67*6 

67*8 

16 

68*0 

68*2 

68*5 

68*7 

08*9 

69*1 

69*4 

69*0 

69*8 

70’« 

17 

70*3 

70*5 

70*7 

70*9 

71*2 

71*4 

71*6 

71*8 

72*1 

72*3 

18 

72*5 

72*7 

73*0 

78*2 

73*4 

78*6 

73*9 

74-1 

74*3 

7' li *5 

19 

74*8 

75*0 

76*2 

76*4 

76*7 

75*9 

76*1 

76*3 

76*6 

76 V 7 

20 

77*0 

77*2 

77*5 

77*7 

77*9 

78*1 

78*4 

78*6 

78*8 

79*0 

21 

79*3 

79*5 

79*7 

70*9 

80*2 

80*4 

80*6 

80*8 

81*1 

81*3 

22 

81*5 

81*7 

82*0 

82*2 

82*4 

82*6 

82*9 

83*1 

83*3 

83*5 

23 

88*8 

84*0 

84*2 

84*4 

84*7 

84*9 

86*1 

85*8 

86*0 

85*8 

2^11 

86*0 

86*2 

86*5 

86*7 

86*9 

87*1 

87*4 

87*6 

87*8 

88*0 

2 S 

88*3 

88*5 

88*7 

88*0 

89*2 

89*4 

89*6 

89*8 

00*1 

90*3 

26 

00*5 

00*7 

91*0 

01*2 

91*4 

91*6 

91*9 

92*1 

02*3 

92*5 

27 

02*8 

93*0 

03*2 

03*4 

93*7 

98*9 

94*1 

94*3 

94*6 

94*7 

28 

96*0 

95*2 

95*6 

95*7 

05*9 

90*1 

1)6*4 

06*6 

96*8 

97*0 

29 

07*3 

97*5 

97*7 

97*9 

98*2 

98*4 

98*6 

08*8 

99*1 

99*3 

30 

09*5 

90*7 

100*0 

100*2 

100*4 

100*6 

100*9 

101*1 

101*3 

1()1’5 

31 

101*8 

102*0 

102*2 

102*4 

102*7 

102*9 

103*1 

103*3 

103*6 

103*8 

32 

104*0 

104*2 

104*6 

104*7 

104*9 

106*1 

105*4 

105*6 

106*8 

lOO'O 

33 

106*3 

106*5 

106*7 

106*9 

107*2 

107*4 

107*6 

107*8 

108*1 

108*3 

34 

108 -B 

108*7 

100*0 

109*2 

10‘,)'4 

109*6 

109*9 

110*1 

110*3 

110-6 

35 

110*8 

111*0 

111*2 

111*4 

111*7 

111*9 

112*1 

112*3 

112*6 

112*8 

36 

113*0 

113*2 

113*6 

118*7 

113*9 

114*1 

114*4 

114*6 

114*8 

115*0 

37 

115*3 

115*5 

115*7 

115*9 

116*2 

116*4 

116*0 

116*8 

117'1 

117*3 

38 

117*5 

117*7 

118*0 

118*2 

118*4 

118*6 

118*9 

119*1 

119*3 

119 'B 

+39 

+119*8 

+120*0 

+120*2 

+120*4 

+120*7 

+120*9 

+121*1 

+121*3 

+121*6 

+121-8 
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TABLE IX.—Kaini'all Table. 
CONTERSION of MiLLIMBTItES tO ENGLISH InOHES. 
(1 Millimetre =0*03938203 inch.) 


1-57B 80 
1*616 81 
1*664 82 
1*693 83 
1*783 84 


0*197 46 
0*286 46 
0*276 47 
0*316 4S 
0*364 49 

0*394 50 
0*433 61 
0.473 62 
0*612 63 
0*661 64 

0*691 66 
0*680 56 
0*669 67 
0*709 68 
0*748 69 

0*787 60 
0*827 61 
0*866 62 
0*906 63 
0*945 64 

0*986 66 
1*024 66 
1*063 67 
1*103 68 
1*142 69 

1*181 70 
1.221 71 
1*260 72 
1*300 73 
1*339 74 



86 3 * 34 ^ 

86 3*387 

87 3*426 

88 3*466 

89 3*606 

90 8*644 

91 3*684 

92 3*623 

93 3*668 

94 3*702 


100 8*938 

101 3*978 

102 4*017 

103 4*066 

104 4*096 

106 4*185 

106 4*174 

107 4*214 

108 4*263 

109 4*293 

no 4*332 

111 4*371 

112 4*411 

113 4*460 

114 4*490 

116 4*629 

116 4*668 

117 4*608 

118 4*647 

119 4*686 


4*726 160 6*301^ 
4*766 161 6*34l'^ 
4*805 162 6*380 
4*844 163 6*419 
4*883 164 6*459 


126 4*923 

126 4*962 

327 6*002 

128 5*041 

129 6*080 

180 5*120 

181 6*169 

132 5*198 

183 5*238 

134 5*277 

136 6*317 
186 6*866 

137 5*396 

188 6*435 

139 6*474 

140 6*613 

141 6*663 

142 6*692 

143 5*632 

144 5*671 

146 6*710 

146 6*760 

147 6*789 

148 6*829 

149 6*868 

160 6*907 

161 6*947 

162 6*986 

163 6*025 

164 6*066 

165 6*104 

166 6*144 

167 6*183 

168 6*222 

169 6*262 


165 0*498 

166 6*537 

167 6*677 

168 6*616 

169 6*666 

170 6*696 

171 6*734 

172 6*774 

173 6*813 

174 6*862 

176 0*892 

176 6*981 

177 6*971 

178 7*010 

179 7*049 

180 7*089 

181 7*128 

182 7*167 

183 7*207 

184 7*246 

186 7*286 

180 7*325 

187 7*304 

188 7 *^1104 

189 7*443 

190 7*483 

191 7*622 

192 7*661 

193 7*601 

194 7*640 

196 7*679 

196 7*719 

197 7*768 

198 7*798 

199 7*837 


j 

Eanivalent 
in English 
Inches. 

200 

7*876 

201 

7*916 

202 

7*966 

203 

7*996 

204 

8*084 

206 

8*073 

206 

8*113 

207 

8*162 

208 

8*191 

209 

8*281 

210 

8*270 

211 

8*310 

212 

8*349 

213 

8*388 

214 

8*428 

216 

8*407 

216 

8*607 

217 

8*646 

218 

8*686 

219 

8*026 

220 

8*664 

221 

8*703 

222 

8*743 

223 

8*782 

224 

8*822 

226 

8*861 

226 

8*900 

227 

■ 8*940 

228 

8*970 

229 

9*018 

230 

9*058 

231 

9*097 

232 

0*137 

233 

9*176 

234 

9*216 

236 

9*266 

236 

9*294 

237 

9*334 

238 

9*372 

239 

9*412 

240 

9*462 
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TABLE X. — ^iUiNPALL Table. 

Conversion of English Inches and Tenths to Millimetres. 


(1 mch=25*392 millimetres.) 
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APPENDIX Xn. 


CiECULAR addressed to VoLtnsiTBBE Obsbrvbks in connexion ■with the 
Mbtboeologicai. Obeicb. 


Meteorological Office, 116, Victoria Street, S.W., 

Sib 18/ 

It has been resolved by the Meteorological Committee to malw a 
commencement of publication of Data from other stations besides their Self- 
recording Observatories. 

I have therefore been looking specially into the observations which are 
furnished to this Office by various volunteer observers, and in so doing have 
examined carefully those so kindly supplied by you. 

I find it will be necessary, before attemi)ting to publish any results, to 
obtain a more detailed statement as to the position of your instruments, and 
your method of observing them, than has hitherto been supplied to us, ana 
for this purpose I venture to request you to fill up the accompanying form, 
and return it to me at your earliest convenience. 

At the end of the form you will find some notes specially applicable to your 
own observations, to which I invite your kind attention. 

On your returning this form filled ux) I shall forward a card cqntaming the 
necessary corrections for facilitating the reduction of the Barometrical Readmes 
to 32° F. and to Mean Sea Level, and I must request you to use this table, in 
X^reference to any other, in order to ensure absolute uniformity in the methods 
of reduction. 

Y ours very frithf uUy , 


Director* 


To. 
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NOTES 

As to the Instraments employed, and their Exposure at 


Babometer. 

Is the tube enclosed in a frame-work of brass ? 

What is the maker’s name? 

Has it been compared with any recognised standard ? 

If so, give a copy of the correction certificate in the following Form. 


No. of Instru- 

nriATit 

Corrections at 

Where and 

Maker’s Name. 

27-5 

28*0 

28*5 

29*0 

29*6 

30*0 

30*5 

when 

Compared. 











Is the instrument suspended in a good light ? but beyond the reach of Solar 
rays ? or any very sudden change of temperature ? 

Does it hang quite freely, so as to be perfectly vertical ? 

Have you any reason to suppose the instrument to be sluggish,” or other- 
wise defective ? 

What is the height of the cistern above the Mean Sea Level ? and how was 
the value obtained? 


Thermometers. 

Have those in use been compared with any recognised Standard ? 
If so, give a copy of their corrections below. 


No. of 

Instroment. 

Corrections at 

Where, and 
when 

Compared. 

32“ 

42° 

52° 

62“ 

72“ 

82“ 

92“ 

Dry bulb 

Wet bulb 

MflyimTiTn 

MiniTTinm 

Solar Radiation 
Terrestrial do. 


* 








At what height above the ground are the instruments placed? 

On, or in, what form of screen are the shaded thermometers exposed ? 


(Note. If the name of the screen is not known, give a sketch and 
description of it.) 

Have you a Solar Radiation Thermometer [hlacJcened bull in vaauo) ? 

If so, how is it exposed? and at what height from the ground ? ’ 


Ill 


At what hour* do you set your Maximum and Minimum Thermometers ? 

Give a rough plan of the enclosure in which the thermometers are exposed, 
marking the heights of the surrounding walls, fences, or trees ; and showing 
where the instruments are placed. 

Rain Gauge. 

What form of gauge is in use ? 

If the name is not known, give a rough sketch of it. 

What is the diameter of the funnel ? 

What is the height of the rim { M^n S^a'Levcl ? 

Should the gauge be on the roof of any building, bo good enough to note 
the height of the rim above the roof. 

Is the ground about your station level? 

If not, say in what directions, and to about what extent, it slopes. 

Wind. 

How are the direction and force obtained ? 

Is the direction true, as distinguished from magnetic ? 

Is the force estimated by the Beaufort Scale, 0-12? 

If an anemometer is used, describe its size and construction, and say how it 
is exposed. 


Clouds. 

According to what system do you classify the /orm of clouds ? 

Is the amount estimated by the scale, 0 = quite clear, 10 = entirely over- 
cast ? ” 

[In giving the direction of clouds the point whence they are moving 
should be recorded.] 


Weather. 

Is this recorded by the Beaufort scale, viz. : — b. blue sky ; c. detached 
clouds; d. drizzling rain; f. fog; g- dark, gloomy; h. hail; 1. lightning; 
m. misty (hazy) ; o. overcast ; p. passing showers ; q. squally ; r. rain ; s. snow; 
t. thunder; u. ugly, threatening; v. visibility, unusual transparency 
w. dew? 


Special Notes with respect to the Observations already received 
from 


* At the Vienna Congress it was decided that these instruments should be read at 
the latest observing hour of the day, and the observations put down to the day on 
which they are taken. 
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APPENDIX IV. 

The following List o£ Works o£ Reference may be useful, altbougli it 

necessarily excludes a great number of Treatises on Meteorology ; 

Buchan, A. Handy Book of Meteorology, 2iid ed. London and Edinburgh, 
Blackwood & Sons, 1868, 

[A 3rd edition of this work Las been announced for a long time.] 

Dove, H. W. The Law of Storms ; Translated by R. H. Scott, M.A., London, 
Longmans & Co., 1862. 

Glaisher, J. Hygromebrical Tables, 5th ed. London, Taylor & Francis, 
1869. 

Guyot, Dr. a. Tables : — Meteorological and Physical. Washington, Smith- 
sonian Institution, 1869. 

Herschel, Sir J. Meteorology, 2nd ed. Edinburgh, Black, 1862. 

Loomis, E. A Treatise on Meteorology. New York, Harper Bros., 1868- 

Mari^-Davy, H. Les Mouvements de 1’ Atmosphere et des Mers, considoros 
au point de vue de la prevision du Temps. Paris, Masson & Fils, 1866. 

Mohn, H. Grundziige der Meteorologie, Berlin, Reimer, 1875. 

Schmid, Dr. E. E. Lehrbuch der Meteorologie nebst einem Atlas. Leipzig, 
Voss, 1860. 

SiMMONDS, G. H. Meteorological Tables. London, Williams & Stralian, 
1861. 
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INDEX. 


A. 

Adjustment of cistern of barometers for transmission - 
Air in barometer tubes - - - . 

Altitude, correction of barometer for - 

ys 39 Tables 

Anemometers, exposure of - 

„ pressure - - _ . 

„ velocity - - - 

Aneroids 

Apjohn’s formula for the wet and dry bulb thermometer 
Atmidometer. See “ Atmometer ” - 

Atmomcters, form of - - . _ 

Atmospheric electricity - - - , 

Attached thermometer . - . . 

August’s psychrometer - - . - 

Aurora, description of - . - 


Page 

19,25 


15 
31,80 
84 
57 
55 , 56 
56 
26 
49 
53 
53 
60-64 
15 
47 
72 


B. 


Barograph - - - - 

Barometer, case " . “ 

„ general description of 

„ Pipette - - - 

„ reading - 

„ fcjcale . - - 

„ Vernier - - - 

„ air in tube of 

„ Bourdon’s 

„ construction of - - 

„ defects of « « 

„ Fishery - 

„ ^^Gun” - 

„ ‘^Kcw” - 

„ management of - 

„ marine 

„ mountain - - - 

„ packing and transmission - 

„ photographic 

„ pumping ” of - 

„ self-recor£ng 

„ standard (Fortin’s) 

» syphon - 

„ testing of - 

„ verification of - 

„ wheel - - « 

Barometer-Tables, explanation of 
Barometrical measurement of heights 
„ corrections " 


26 

11 

11 

16 

14 , 19, 76 
12 
13 
15 
27 
11 

- 15, 20 

24 
20 
19 

17 , 19, 22 

- 19,22 

23 

17 , 22,25 
26 
26 
26 

. 18 
23 
27 
27 

25 
80 
33 
29 
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Beaufort’s scale of wind force 
„ weather notation - 
Bennett’s electroscope 
Black bulb in vacuo - 


Bulbs, forked, &c., for spirit thermometers 


Bohnenberger’s electroscope - 
Boilinar noint 


Page 

67,68 

69 

60 

43 

60 

34 

39 


a 


Calculaiion of means - 
Cap^ity correction - 
Capillarity correction - 

„ m barometers, effect of 

„ in syphon barometers 

Casella’s minimum thermometer 
Gator’s anemometer - 
Celsius’s thermometer scale - 


39 conversion of to 

Centigrade thermometers 
Cptificates for barometers 
Cirro-cumulus cloud, form of 
Cirro-stratus cloud, form of - 
Cimis-qloud, form of - - 

Cisterns of barometers 

„ Fortin’s barometer - 
Clouds, forms of, entry, &c. - 
Compass, bearings reduced to true - 

Conversion of thermometer scales. Tables for 
Constants, use of, in calculating means 
Coronae, entry of - - 

Correction of barometer for altitude - 


Fahrenheit 



99 ' 93 33 

99 99 93 

99 99 93 

99 ^ 39. 33 

Corrections, examples of 
Cumulo-stratus cloud, form of 
Cumulus cloud, form of 


„ capacity 
„ capillarity 
99 index error 
„ temperature - 


- 74, 79 

29 

29 

29 
23 
38 

65 
34 
96 
34 

30 

- 66 

66 
66 

- 12, 20 

18 

66 - 68 , 78 

69 

*- 96-103 
79 
72 

31 , 80 , 84 
29 
29 
29 

30 , 80 , 82 
32 
67 
67 


D. 

Daniell’s hygrometer 
Datum for mean sea level 
Definition of different classes of stations 
Dew, entry of - 

Direction of wind, how recorded 
Displacement of Zero in Thermometers 
Dufour’s atmometer 
Dust-haze, description of - 


46 

31 

7 

71 

59 

36 

53 

73 


E. 

Electrical thermographs 
Electricity (atmospheric) 

Electrometers, forms of - - 

Errors of spirit thermometers - 
Evaporation, measurement of 
Exposure of radiation thermometers - 
„ thermometers 


40 

60 , 61 
60-64 

39 
53 

44-45 

40 
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. F. 

Falirenheit’s thermometer 

„ „ scale conversion of to Celsius 

Fiducial point in Fortin’s barometer - - - 

Fishery barometers - - - - - 

Fog, definition of • - 

„ (ground fog, or stratus cloud) - - - 

Form for stations of second order * - - 

Fortin’s barometer - - - - - 

Freezing point - - - - - 

Fronde thermom^tre - - - - - 

Frost, management of hygrometer in - 

a. 

Glaisher’s hygrometric tables - - 

„ tables for diurnal range of thermometers - 
Glazed frost, entry of - - - - 

Gold-leaf electroscope - - - . - 

Graupel.” Soft hail, entry of - - - 

Ground-fog (stratus cloud) - - - - 

“ Gun” barometer - - - - 


Page 
34 
’ 98 
18 
24 
70 
66 
107 
18 
34 
43 
48 


49 

74 

71 

60 

71 

66 

20 


H. 

Hail, entry of - - - - - - - 70, 71 

„ measurement of ------ 51 

Halos, entry of - - - - - - 

Haze, entry of - - - - - “ - 70, 73 

Heights, barometric measurement of - - - - - 33 

Hicks’ radiation thermometers ----- 44 

Hours of observation, combinations of - - - - 74 

Howard’s cloud nomenclature ----- 06-68 

Hydrometeors, observation of, sjpnbols, &c. - - - - 69-73 

Hygrometer, Apiohn’s formula’ for the - - - - 49 

„ management in frost ----- 48 

„ Mason’s . - - ' - - - - 47 

„ Regnault’s ------ 46 

„ the wet and dry bulb - * - - - - 47 

I. J. 

Ice-crystals, entry -of - - - - - - - 71 

Inches, conversion of to millimetres, for rain - - - - 105 

„ „ „ barometer - - - 80, 92 

Index error of barometers - - - - - - 29 


K. 

Kew barometers - -- -- --19 

„ verification of barometers - - - - - 27 

„ „ thermometers ----- 36 


L. 


Lament’s atmometer --- - - --53 

Lightning, entry of--- - ---70 

Lind’s anemometer - - . - 55 

Lines, Paris, conversion of to English inches - - - - 81, 94 

Lower clouds, forms of ----- - 66-68 
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M. 

Page 

Mackerel sky (cirro-ciimulus cloud) ----- 65 

Management of barometers ----- 17 , 19^ 22 

„ hygrometers ----- - 48 

.Mare’s tails (cirrus cloud) ------ 65 

Marine barometers - - - - - - - 19, 22 

„ barometers, suspension of - - - - - 21 

Mason’s hygrometer ----- - „47 

Maximum thermometers ------ 37 

Mean sea level - -- -- --31 

Means, calculation of - - - - - - 74, 7^^ 

Meteorology, List of Works on - - - - - 112 

Metres per second, conversion of miles per hour to - - - 58 

Millimetres, explanation of conversion-tables - - - 80, 81 

,, conversion of to English inches - - - - 92, 104 

Minimum thermometers ----- - 38 

/Mist, entry of ------- 70 

Mitchell’s atmometer - - ‘ - - - - - 53 

Mountain barometers ------ - 23 


N- 

Negretti’s maximum thermometer ----- 38 

„ radiation thermometer ----- 4.4 

Nimbus clouds, form of - - - - - - 67 


0 . 

Observation, combination of hours of 
Observations, Form for recording 
Observer, requirements in an 
Observers, remarks to * - 

Ordnance Survey datum 
Osier’s anemometer - - - 

Osnaghi’s atmometer 
Ozone, determination of - 


74 

107 

8 

76-79 

31 

55 

53 

64 


P. 


Packing barometers - - - 

Parhelia, or Paraselenae, entry of 

Paris lines, conversion of to English inches 

Peltier’s electrometer - - - 

Phillips’ maximum thermometer 

Photographic barometers 

Pipette in barometer - - - 

Posy’s cloud-nomenclature 

Portable electrometer (Thomson’s) 

Position of barometers 
Precipitation, measurement of 
Pressure anemometers 
Psychrometer, August’s 

« theory of the - 
Pumping ” of barometers 


17 

72 

81,. 94 
64 
37 
26 
16 
()8 
61, 63 
17 
51,52 
55,56 

47 

49 

19 


Q. 

Quadrant electrometer - - - - 

Quetdet’s correotions for diumal-range of thennometers 


61 

74 
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R. 


Radiation, solar - - - - 




Page 

43 

„ terrestrial - 

- 

- 

- 

45 

Rain, entry of „ - - - 

- 


- 

71, 77 

„ measurement of - - - 

- 


- 

51. 

Rainbows, entry of - 

Rain gauge, collector of - - - 

- 


- 

72 

- 


- 

51 

„ form and exposure of - 

- 


- 

50 

Reaumur’s thermometer scale 

- 


- 

34 

„ ,, conversion to Fahrenheit 


- 

102 

Regnault’s hygrometer « - - 

- 


- 

46 

Remarks to observers - . - 

- 

- 

- 

7G-7S> 

Robinson’s anemometer - - - 

- 

- 

- 

56 

Rutherford’s minimum thermometer - 

- 

- 

- 

38 


s. 

Scale, contraction of, in Kew barometers 


- 

• 

20 

Sea level, mean , - - 

- 

- 

•X 

31 

Self-recording barometers 

- 

* 

. - 

26 

Silver-thaw, entry of - 

- 

- 

« • 

71 

Sleet, entry of - - " 

- 

- 

- 

71 

Sling thermometer - - - 

- 

- 

- 

43 

Sluggishness of wheel barometers, See. 

- 

- 

- 

26 

Snow, entry of - - - 

- 

- 

- 

71 

„ measurement of - - 

- 

- 


51 

Soft hail, entry of - 

- 

- 


71 

Solar radiation - - - 

- 

- 


43 

Spirit thermometers - , 

- 

- 


3(), 38, 3!) 

Standard barometers - - - 

- 

- 


- 18,23 

„ thermometers 

- 

- 


35 

Station, requirements for a good 

- 

- 


B 

Stations, different classes of - 


- 


7 

Stevenson’s thermometer screen 

- 



41 

Stratus cloud, form of - - 


- 


66 

Suspension of barometers 

- 

- 


- 17,21 

Symbols for notation of weather, &c. - 

- 

- 


- 69-7^ 

Syphon barometers - - - 

- 

- 


23 

„ „ mountain - 



- 

23 

„ „ standard - 

- 

- 

- 

23 

„ „ wheel 

- 

- 


25 

T. 

Tables, explanation of - - 




- 80, 81 

Temperature, correction of barometer for 
Terrestrial radiation - 

- 



- 30. 82 

. 



45 

Testing barometers - « - 

- 

- 


27 

„ thermometers 

- 



36 

Thermographs _ . - 


- 


40 

„ diflBlculties in exposure of 

- 

- 


42 

Thermometer, attached 

- 



16 

„ exposure 


- 


40 

„ principle of the 

- 

- 


34 

„ scales - - - 

- 

- 


34 

„ Tables for conversion of 

- 

- 


. 96,103 

„ screens - - • 

- 



41 

„ directions for reading. See. 

- 



77 

„ Fahrenheit 

- 

- 

- 

" 34 






